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A STATISTICAL STUDY OF ABSOLUTE EOSINOPHIL CELL COUNTS 
IN HEALTHY YOUNG ADULTS USING LOGARITHMIC ANALYSIS 
Rospert C. MvEHRCKE, M.D.,* Epwarp L. EcKERtT,** AND 
RoBeRT M. Karx, M.R.C.P. (Lonp.), F.A.C.P.*** 

CuHIcaGco, ILL. 


ECAUSE of the present interest in circulating eosinophils in relation to 

adrenal function, we thought it worth while to find accurate statistical con- 
stants for eosinophils in healthy young men. In searching through the literature 
we were surprised to find considerable variation in reports of ‘‘normal’’ levels. 
These are shown in Table I.'° 

Two detailed studies were reported by Rud® and by Fisher and Fisher.’ 
Rud studied 71 young healthy individuals (42 women and 29 men) throughout 
the vear by repeated counts at random times. He found a range of eosinophils 
of from 40 to 230 cells per cubic millimeter. He calculated the mean level to be 
126 cells. Eosinophil cell counts were made from eapillary blood (taken from 
the ear lobe) and a 1:20 dilution in a single leukocyte pipette with Magdala 
red stain, using a Fuchs-Rosenthal counting chamber. 

Fisher and Fisher’ reported a more extreme eosinophil cell range in ‘‘nor- 
mals’’ extending from 20 to 880 cells per cubic millimeter. The mean eosinophil 
evel was 221 cells per cubic millimeter; this was almost one hundred cells 
vreater than Rud’s mean of 126 cells per cubic millimeter. Fisher and Fisher 
ised Henkleman’s'® technique in making single eosinophil counts on capillary 
blood. They did not analyze their data statistically, and used hospital patients 
for obtaining ‘‘normal’’ values. Because the technique used by various in- 
vestigators (as shown in Table I) are not above reproach, and because data on 
absolute eosinophil counts have been omitted from the recently published Hand- 
hook of Biologieal Data,’! this study was undertaken to determine the range of 
eosinophils in young, healthy, adult males. 
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TABLE 1. NORMAL RANGE OF EOSINOPHIL CELLS 


RANGE CELLS PER CUBIC 


SOURCE SUBJECTS MILLIMETER MEAN TECHNIQU 
1. Osgood! 597 individuals (ages up 0-400 140 Differential smear 
to 30 vr. Q0-OS0 (extreme eounts 
i eounts 
2. Todd and 50-400 
Sanford: 
3. Kracke and 79-300 
Parker 
$. Simpsons 31 individuals (25 men 50-400 150) Differential smear 
and 6 women counts 
5. Fisher and 102 student nurses and 25-300 (most counts 221) Hinkleman’s tech 
Fisher® 17 male patients 20-SS80 (range fasting nique, capillary 
pts. blood 
6. Roche and = 29 preoperative patients 11-440 (range of all 155) «=Dunger’s technique, 
associates' counts venous blood, 


1/20 dilution 


7. Ham? 150-300 (most counts 
415-500 (extreme counts 
S. Thorn’ 100-250 


9, Rud® 71 healthy subjects $0-230 126 Magdala red stain, 
29 males, 42 females 38-221 121 capillary blood 
11-236 129 1/20 dilution, 


Fuchs-Rosenthial 
chamber 


10. Rud* D1 healthy subjects 54-465 (two standard 159 8 AM. blood speci 
deviations mens 

ll. Present #2 healthy voung adults 72-440 (two standard 179 Henneman variation 

Study deviations of Randolph tech 


nique, venous 
blood, 1/10 dilu 
tion, series of six 
counts. Data 
treated statisti 
eally using Litel 
field’s log probit 
technique 


*Author’s logarithmic treatment of Rud’s data using Litchfield’s technique. 


METHODS 


Selection of Subjects. Forty two healthy subjects were selected from a group of voluntee? 
male medical students ranging in age between 21 and 384 years. The subjects gave no histor; 
of previous blood dyscrasia or allergic disease. They felt perfectly well when studied, ai 
physical examination revealed no clinical evidence of disease. 

Plan of the Study.—The data were collected throughout the year. Subjects carried out 
normal activities and consumed their normal daily diet. 

Venous blood was taken at approximately 8:00 A.M., before breakfast, while they wer 


fasting, and within one hour of awakening 


g, every Monday, Wednesday, and Friday for tw 
weeks. Without delay 5 ml. of blood were drawn by free venipuncture without tourniquet ; t] 
blood was collected into a dry glass vial containing heparin, mixed gently about fifty tame 
and immediately thereafter mixed at 60 r.p.m. for at least two minutes on a rotary pipet 
spinner to insure thorough mixing of the blood and heparin. 

Technique of Eosinophil Cell Counts.—The Henneman'2 modification of the Randol 
method!5 was used in counting eosinophils, Two calibrated leukocyte pipettes and f 
double Levy counting chambers (eight counting cells) were used to obtain each eosino} 
count. 

Statistical Treatment of Data.—Mean values and standard error were ecaleulated us) 


Fisher’s!4 method. 
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RANGE OF EOSINOPHIL CELL COUNTS 
Young Healthy Adults 





2S5.0..+/— 
Med. = 179 


Limits 25.0. =72 to 440 


Fiducial limits of mean = 
157 to 204 


Log probit scale 


—go 2 oD. 


| ! ! — 





0.1 


50 100 500 _~—s—i1,000 
Eosinophil cells per mm> 


Fig. 1. tange of eosinophil cell counts in 42 young healthy males plotted on log-probit 


graph paper. T 


he poin 


ts 50 per cent, 2 S.D., and -—2 S.D. were obtained by analysis of data 


using Litchfield’s® method (see text). The ordinate shows the cumulated per cent distribution 
f the sample population. The abscissa shows the eosinophil cell counts per cubic millimeter. 


able 1V ° 
Fall 


of These 


RAN 
GQ 
51 
101 
151 
201 
251 
301 
351 
$01 
$51 


Details of Calculations as Stated in Text 


Range of 5 


Within 


GE 
50 
100 
150 
200 
250 
300 
350 
400 
$50 


500 


0 Cell Increments of Kosinophils, the Number of Observations That 
These Increments, and the Cumulative Observations of the Per Cent 


Observations on 42 Young Healthy Males. 


NUMBER OF CUMULATIVE OBSERVATIONS 


OBSERVATIONS PER CENT OF TOTAL 

0 0 

i 9.42 
12 37.99 
9 59.43 
6 TS00. 
6 88.00 
; 95.14 
1 97.52 
a] 

] 100.00 


iethods) Using Data from Table IV. 


I. ECs 282 one plus probit 

II. ECso 179 logarithmic mean 
WI. EC 115 one minus probit 

(1) (II) 
' ai si 

ve = SS - 28: 

V. Number of individuals studied N 42 

VI. Frcs is obtained from nomograph # 1 of Litchfield by extrapolation using (IV) 

and (V) iba % 

= , ai ic : , (IT) : 

VII. The fiducial limits of the logarithmic mean (Median) VID and (II) kK (VI) 
157 and 204, 
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ECKERT, 


IN 42 HEALTY MALES 


TAKEN ON: 


SUBJECT MON. WED, FRI, MON, WED, FRI, 
G. W. ~ pyr 336 341 275 2?0) 952 
J. 2. 215 192 19S 116 132 POY 
PR Os 953 193 110 143 176 110 
Vv... 2D: P56 297 305 281 363 275 
Sy P03 154 176 ZO 182 1433 
fe. G. 107 121 116 66 165 O4 
M. .J 182 1S7 19S LS7 189 19S 
R. M. 803 203 245 292 96 200 
* feat 176 149 1) 182 116 143 
G. A. 225 1x2 IS2 148 ag 193 
F. J. 209 279 2538 221 03 27 
S. S. 137 369 225 254 242 319 
By V. 176 176 204 2N5 247 198 
Cae i 792 77 61 SS 66 QQ 
i 363 308 $07 264 ited 17 
Hi. M., 292 187 19S 22() 165 RY 
i ee -* 82 93 165 107 165 164 
; ete 104 115 132 165 105 105 
i. Sb 178 284 937 198 POS 156 
G48 72 ‘pes 9] 62 SS 95 
C. N 32 SY 154 261 189 23 
G. M, iz 112 O5 112 a) 154 
S. K. 444 $89 169 16] 10] 166 
ie  @ 1S4 SY 12 189 209 Zoo 
VY. KK. D6 72 "es 56 17 $5 
H. S. 117 67 150 nae) 100 ae) 
W.. Vv. 278 311 317 278 273 33 
G. 8. 72 89 112 161 78 128 
I. A 23 23 139 117 110 200 
Be vs ISS 151 129 134 128 217 
YK 348 400 317 333 345 83 
> fe 151 161 SY 117 78 139 
Vag tp 256 95 261 195 83 178 
i: a. YS4 224 200 P95 289 306 
H. N. 200 95 129 206 161 184 
J. su 23 78 106 $9 100 is 
E. F. 240 223 161 117 23 150 
Ye. 129 134 145 156 100 139 
Oe pe 89 117 89 95 QX& Q5 
Bis. 322 278 320 303 289 105 
* ey 150 167 128 100 109 100 
BU. 211 300 250 29] 106 $10 


cell eounts. 


against their total eosinophil cell counts on log-probit paper. The 


the individual plotted points. 


subjects will fall below this point. 


FASTING & A.M. EOSINOPHIL CELL COUNT PER CU. MM. 


TABLE II]. ABSOLUTE EosiInopHIL CELL CouNTS (PER CUBIC MILLIMETER VENOUS BI 





MEAN EOSINOPHII 


CELL COUNT 


cU. MM 
PS6H.00 
177.00 
164.16 
295.83 
178.83 
111.50 
1S8.50 
281.67 
135.1 
1S9.S8. 
216.3: 
257.66 
202.66 
Midd 


326.83 
199.00 





PER 


Litchfield ’s15, 16 technique using logarithmic-probit graph paper (Fig. 1) was employed 
to caleulate the logarithmic mean (median or EC,,), fiducial limits of the logarithmic mean, 


and the range of two standard deviations (plus or minus two probits) for chamber eosinophi! 


Litchfield’s method of analysis plots cumulated percentages of the sample populatio: 


cumulated percentage 


which 50 per cent of the subjects were found, and is the logarithmic mean or median. 


the intersection of the line and zero probits. EC, represents a point on the line equivalent 


of subjects were plotted against fifty cell increments in the eosinophil cell count from 0 


900 eosinophils. A straight line was drawn on the graph paper which fitted most closely 


EC, is a point on the line which represents the eosinophil cell level below and abov 


This 


+ 


minus one probit or one standard deviation. The eosinophil cell level of 16 per cent of tl 
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EC,, is a point on the line which is equivalent to plus one probit. It represents the 
eosinophil cell level below which 84 per cent of the subjects will fall, and is equal to plus one 
probit or plus one standard deviation. 

The range of minus and plus two standard deviations was obtained by reading the 
eosinophil cell count at the intersection of the line of plotted values and the line of minus 
and plus two probits. 

The fiducial limits of the logarithmic mean (median or EC,,) deseribe the range within 
which there is a 95 per cent probability that the logarithmic mean eosinophil cell counts of 
an infinitely larger sample would fail. These values are obtained through the use of the 
formulas and nomogram of Litehfield.15 

RESULTS 

Two hundred fifty-two observations were made of the circulating eosinophils 
in the venous blood of forty-two voung healthy adults (see Table II). The 
individual eosinophil cell counts ranged from 45 cells to 488 cells per cubie 
millimeter. 

The cumulative data of all counts are tabulated in the appendix. Using 
Litchfield’s method, the logarithmic mean (EC,,) was found to be 179 cells 
per cubie millimeter. Minus and plus one standard deviation by logarithmic 
analysis (EC,, and EC.,) were 115 cells and 282 cells per cubic millimeter, 
respectively. The range of two such standard deviations was from 72 cells to 
440 cells per cubie millimeter. The fiducial limits of the logarithmic mean were 
caleulated to be 159 cells and 204 cells per cubic millimeter, and Litchfield’s” 
nomograph was used in the caleulations. 

The arithmetic mean eosinophil cell count was calculated to be 209 cells 
per cubie millimeter; the standard error of the mean was 15.9. 


DISCUSSION AND CONCLUSIONS 
In any study of eosinophil cell levels the aceuraey and extent of sampling 
and counting are crucial factors as far as validity of data are concerned. The 
intrinsi¢c error of chamber eosinophil counts using one pipette with a 1:10 
dilution and four Levy chambers is pointed out in Table III.'* In this table 


rABLE III, INTRINSIC ERRORS OF CHAMBER EOSINOPHIL COUNTS USING ONE PIPETTE WITH 
1:10 DILUTION AND Four 0.9 CuBic MILLIMETER COUNTING CHAMBERS 


RANGE FOR 95 PER CENT COEFFICIENT 
TRUE EOSINOPHIL OF CHAMBER COUNTS OF 
LEVEL OF SAMPLE ON SAMPLE VARIATION 
25 eelis/eu. mm. 8-42 34% 
50 cells/eu. mm. 26-74 24% 
100 cells/eu. mm. 65-135 18% 
200 cells/eu. mm. 148-252 13% 
400 cells/eu. mm. 323-477 10% 


sinophil cell levels of the venous sample are compared to the range of 95 
r cent of chamber counts on that sample. Moreover, this intrinsic error in 
uunting is increased when single chamber counts are made. In this study the 
ilidity of data was increased by using two pipettes and eight Levy chambers.'® 1° 
or example, if only one leukocyte pipette is used to sample a blood specimen 
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containing 100 eosinophils, and if two Levy chambers are filled and counted, 
it is possible to obtain counts whieh range from 55 cells to 145 cells per eubie 
millimeter. With two pipettes and eight Levy chambers the counts would range 
from 77 cells to 123 cells per cubie millimeter. 

The usual bell-shaped distribution curve was not obtained when the eosino- 
phil cell counts were plotted arithmetically. The curve was skewed, and the 
peak was found to be to the left of the mean (see Fig. 2). This occurred because 
the distance between the mean and zero was limited. Naturally, plus or minus 
two standard deviations could not be calculated from the arithmetic plot. 





























30> 
255 RANGE OF EOSINOPHILS 
Young Healthy Adults 
S (cells per mm?) 
= 20- Median=/79 
3 ' Mean= 207 
= | 280.72 to 440 
_ | 
2154 
wD \ 
F S 
Soest = 
. 
a SS 
54 ! 
| 
0 ! 


if J LJ ' 1 
lo0 200 300 400 S500 
Eosinophil cells per mm? 


= Fig. 2 Range of eosinophil cell counts in 42 young healthy males plotted arithmetically 
rhe ordinate shows the per cent distribution of the population. The abscissa shows thei! 
eosinophil cell counts per cubic millimeter. 


Some biological data (e.g., blood bilirubin values)? do not follow a normal 
arithmetic distribution. However, when the logarithms of these data are 
plotted, a normal distribution may be found. To extract significant statistical 
data from eosinophil counts it was necessary to use logarithmic analysis, and 
in this study a graphie probit analysis as simplified by Litchfield was used. 

A statistical re-evaluation and analysis were also made of all data on 
eosinophil counts accumulated by Rud® using Litchfield’s method. In his grou] 
ot 71 healthy young adults (42 women and 29 men) the logarithmie mean ot 
eosinophil counts collected at different times of the day and night was caleulated 
to be 119 cells per cubic millimeter, and the range of two standard deviations 
extended from 46 cells to 304 cells per cubic millimeter (see Table I). The 
above logarithmic calculations differ from Rud’s arithmetic mean, of 126 cells 
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per cubic millimeter, and range of eosinophil cells, from 40 to 230 cells per cubic 
millimeter. The difference stems trom the facet that Rud treated his data in an 
arithmetical manner. This accounts for the higher mean value he obtained, 
and also explains the narrow range of ‘*normal’’ eosinophil counts he reported. 

In our logarithmic treatment of Rud’s® data, of single eosinophil counts made 
at 8:00 a.m., from a group of 51 healthy individuals (35 women and 16 men) 
we calculated the range of two standard deviations to extend from 54 cells to 
465 cells per cubic millimeter. A logarithmie mean of 159 cells per eubie milli- 
meter was found. This finding parallels the results reported in this study. 

With regard to data on eosinophil levels published elsewhere, two points 
need to be mentioned. First, it seems inadvisable to use patients to provide 
data for ‘‘normal”’ or *‘healthy’’ values, and second, it is well known that counts 
made trom capillary blood are not as reliable as counts made from free-flowing 
venous blood. The data in this study (Table Il) confirm previous reports,” 
which show that there appears to be a tendeney in the healthy individual to 
maintain a certain equilibrium in the eosinophil cell level despite variations in 
the leukoevte levels. 

In conclusion, it is believed that this study presents an accurate range of 
eosinophils (two standard deviations) in healthy voung adults which may be 
used as a ‘‘vardstiek’’ to evaluate the existence of an eosinopenia or an 


eosinophilia in the peripheral blood. 


SUMMARY 


Eosinophil cell counts were made at 8:00 a.m. on free-flowing venous blood 
from forty-two fasting healthy voung males during a two-week period. Six 
counts were made on each individual. The data from two hundred fifty-two 
counts were treated statistically using log-probit analysis and Litehfield’s 
technique. From the statistically treated data the following calculations and 
observations were made: (a) The individual counts ranged from 45 to 483 cells 
per cubic millimeter. (b) The logarithmie mean eosinophil count was 179 cells 
er cubie millimeter. (¢) The fiducial limits of the logarithmic mean (median ) 
were 159 and 204 cells per cubie millimeter. (d) The range of two standard 
leviations extended from 72 to 440 cells per cubic millimeter. (e) The mean 

isinophil count (arithmetical) was 207 cells per cubie millimeter. (f) The 
tandard error of the arithmetical mean was 15.9, 
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serious doubts on the clinical value of the four-hour eosinophil cell 
“response-test”” to parenteral epinephrine. The test was developed by Reeant 
and associates’ and, at present, it is used by many physicians to estimate the 
functional activity and the integrity of the pituitary-adrenal system in man.” 

The response to epinephrine is tested by counting circulating eosinophil cells 
before, and four hours after, injecting 0.3 mg. of epinephrine into the patient. 
According to Thorn and Forsham,'? a fall of 50 per cent or more in circulating 
eosinophil cells indicates normal activity of the adrenal cortex or the anterior 
part of the pituitary gland. Unfortunately, most reports have been based on an 
incorrect interpretation of the test, which is quite different from the interpreta- 
tion given by Thorn. In the literature, more often than not, a poor response to 
epinephrine, with little fall in the level of eosinophil cells four hours after in- 


jection, is accepted as evidence of disease or dystunction of the hypothalamus, 


Recant and her colleagues® suggested that during the test the epinephrine 
into the blood stream through 
successive stimulation of the hypothalamus (by epinephrine), the anterior 
pituitary gland (by hypothalamic excitatory neurones), and the adrenal gland 
by ACTH). However, in this communication observations are reported, on 
patients with bilateral complete adrenalectomy, which indicate that epinephrine 
eosinopenia can be induced in the absence of the adrenal gland.'* This finding, 
‘oupled with data from statistical analyses of epinephrine response tests'~* lead 
is to conelude that the four-hour eosinophil cell response to parenteral injection 
f epinephrine should not be used in clinical practice to test the function or 


Patient Material—Five male patients were studied. These individuals were suffering 


th carcinoma of the prostate which had metastasized. Bilateral orchidectomy, followed by 


‘rations on the five patients were performed one, two, three, and five weeks before this 
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study began. The patients were maintained in a eu-adrenal state by daily therapy with 
Cortone Acetate (cortisone acetate-Merck). Each day patient C. G. was given 6.25 mg. of 
cortisone at 6:00 A.M., 12:00 noon, and 6:00 P.M. Patient I. S. was given 12.5 mg. at 
6:00 A.M. and 6:00 P.M.; and patient B. W. was given 25 mg. at 6:00 A.M. and 6:00 P.M. 
Patients B. O’H. and J. M. were given 25 mg. cortisone at 6:00 A.M., at 12:00 noon and at 
6:00 PLM. 

Technique of Testing.—Pre-test (zero hour) venous blood samples for control eosinophil 
‘ell counts were taken between 8:45 A.M. and 9:00 A.M., immediately after breakfast had 
been eaten. At 9:00 A.M. one of three substances was injected into the patients. This was 
a subcutaneous injection of saline (the placebo control), or a subcutaneous injection of 0.3 
mg. of epinephrine, or an intramuscular injection of 40 mg. potent, pre-tested ACTH 
(Armour) (the ACTH control). As we have shown that inadequate eosinophil responses to 
test materials may occur if tests are run on successive days,® each test was separated from the 
next by at least four days. 

After the injection the patients staved quietly at their beds and four hours later a 
second sample of venous blood was taken (1:00 p.M.), lunch being eaten between 12:00 noon 
and 12:30 p.M. The patients did not know what they were getting, but reacted in the usual 
way to the injection of epinephrine. 

Originally the four-hour eosinophil cell response tests to epinephrine oO! corticotropin 
were conducted in our laboratories while the patients were fasting, but since Best and 
Samter!® demonstrated that fasting per se caused a marked drop in circulating eosinophils 
at midday, we have allowed our patients and healthy subjects to eat their breakfast and lunch 
during testing. This does not interfere with the eosinopenic effect of ACTH, adrenocortical 
hormones or epinephrine.! 

Technique of Counting Eosinophil Cells.—This has been described in detail elsewhere. 
In brief, the eosinophil cells are stained by the Henneman modification’® of the Randolph 
f blood two leukocyte pipettes and eight Levy counting 


4 


method,!7 and for each sample « 


chambers were used to obtain an individual count. Statistical significance was insured by 


reference to tables and charts published elsewhere.’. 1% 


RESULTS AND DISCUSSION 


In the five patients with surgical Addison’s disease, reported here, there was 
excellent evidence that the pituitary-adrenal axis was completely interrupted. 


First, the glands were removed in toto at operation (as shown by gross and 


TABLE I. THE EFFECT OF PARENTERAL INJECTION OF EPINEPHRINE (0.3 MG.), CORTICOTROPIN 

(ACTH) oR SALINE PLACEBO ON THE CIRCULATING EOSINOPHILS OF FIVE PATIENTS WITH 

CARCINOMA OF THE PROSTATE, TREATED BY BILATERAL, COMPLETE ABLATION OF THE ADRENAI 
GLANDS, AND MAINTAINED IN A EU-ADRENAL STATE WITH ORAL CORTISONE ACETATE 


CIRCULATING EOSINOPHIL CELL COUNTS (CELLS PER CUBIC 


MILLIMETER BLOOD) BEFORE AND 4 HOURS AFTER 
INJECTION OF: 
PATIEN’ ORAL CORTISONI EPINEPHRINI ACTH SALINE PLACEBO 


AGE ACETATE MG./DAY QO HR. + HR. Q HR. $f HR. QO HR, 4 HR. 
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microscopic pathologic examinations, which were made by Dr. A. B. Ragins), 
and secondly, there was no evidence of activity of accessory adrenal glands or 
rests, as shown by the tests with ACTHL. 

The five patients were kept in a eu-adrenal state by daily therapy with 
cortisone acetate, and from Table I it can be seen that there was very little 
change in the circulating levels of eosinophils when either ACTH or placebo 
were injected. However, in each patient there was a significant drop in cireulat- 
ing eosinophils seen four hours after injecting epinephrine into them. This is 
shown ¢learly in Fig. 1. In four patients, C. G., J. M., B. OIL, and IL. S., the 
fall in eosinophil cells was 78, 70, 66, and 54 per cent, respectively, of pre-test 
levels. In patient B. W. there was only a 36 per cent drop in eosinophil cells. 


Percent Change in Eosinophils in Blood of 
Five Patients, Taking Cortisone 
Post-adrenalectomy, 4 hours after an injection of: 
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Fig. 1.—A scattergram of the per cent change in eosinophil cells in the blood of five 
tients with bilateral adrenalectomy (maintained in a eu-corticoid state by oral therapy with 
‘tisone acetate) four hours after injection of 0.3 ml. saline, 40 mg. ACTH, and 0.3 ml. 
nephrine. The bars indicate the mean four-hour change in eosinophil cells. 
wwever, his eosinophil cell counts were abnormally high at the time of the 
dy (2,800 cells per eubie millimeter) and a fall of over 1,000 cells per eubie 
limeter of blood in the eosinophil count is highly significant under these 
ditions. The magnitude of response of the eosinophils to epinephrine in this 

ient corresponds to the degree of fall seen in allergie individuals, and healthy 
jects with high eosinophil counts, when their normal adrenal glands are 
ulated by single, 40 mg. intramuscular injections of ACTH.* 

We interpret the above data to indicate that epinephrine eosinopenia does 
necessarily develop as the end result of successive stimulation of the hypo- 
lamus, pituitary gland, and adrenal cortex, which is thought to be triggered 
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by an injection of epinephrine, or by liberation of epinephrine from the adrenal 
medulla. Epinephrine can produce eosinopenia in the absence of the adrenal, 
but seems to require the presence of adrenocortical hormones to be effective as 
an eosinopenic agent, since it is known that epinephrine does not produce 
eosinopenia in untreated Addison’s disease.” 

Unfortunately, it is not considered wise or proper, at present, to withhold 
daily replacement therapy with cortisone acetate from the five patients with 
earcinoma of the prostate reported here, and we do not know for certain if 
parenteral epinephrine will produce an eosinopenia in surgically induced 
Addison’s disease in the absence of cortisone or other cortical hormones. Some 
observations on five patients with tuberculous or fibrotic Addison’s disease may 
be of value. Robinson, in a personal communication to us,'* reported that he had 
studied a patient with Addison’s disease in whom he observed a 70 per cent fall 
in circulating eosinophil cells below pre-test levels, four hours after injection of 
epinephrine. We have repeated his observation in five patients with Addison's 
disease who were tested with placebo, ACTH, and epinephrine before and during 
therapy with cortisone. Injections of epinephrine, ACTH, or placebo had no 
significant effect on the circulating eosinophil cell level before treatment with 
cortisone, and injection of ACTH or placebo was without effect during therapy 
with cortisone. However, epinephrine produced a significant drop in eosinophil 
levels in three of the patients with Addison's disease after they had been taking 
cortisone by mouth, and in the other two treated patients the injection of 
epinephrine did not reduce the circulating eosinophil cell count. We eannot 
offer an explanation, at this time, which will clarify these equivocal results to 
parenteral injection of epinephrine into patients with Addison’s disease. 

The data presented here offer further evidence against the use of the four 
hour eosinophil cell response to parenteral injection of epinephrine as a test of 
the function or integrity of the pituitary-adrenal system in man. The observa- 
tions do not indicate that epinephrine may not stimulate the anterior pituitary 
gland to liberate ACTH in healthy individuals. This can be tested by measuring 
ACTH or Compound F (preferably the former) in the blood of healthy persons 
before and after stimulation with epinephrine. As far as we are aware, this 
has not been done. 


SUMMARY 


Five patients with carcinoma of the prostate had both their testes and 
adrenal glands removed, and were maintained in a eu-adrenal state by therap) 
with oral cortisone. Direct eosinophil counts were made before and four hour 
after injection of epinephrine, saline, and ACTH. There was a significant fa! 
in eosinophils after injection of epinephrine, but ACTH or saline had no effe 
on the eosinophil level. 

The data indicate that epinephrine eosinopenia occurs in the presence « 
cortisone, despite complete interruption of the pituitary-adrenal system. B« 
cause of this finding, and other observations in the literature, the four-hot 
eosinophil cell response to parenteral epinephrine should not be used to te: 
the function or integrity of the pituitary-adrenal system in man. 
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ADVERSE EFFECT OF CORTISONE ON MARROW REGENERATION 
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N A variety of diseases including rheumatie fever, rheumatoid arthritis, lupus 
| erythematosis, and refractory anemia, cortisone’! 1% 1 may exert a stim 
ulating effect on erythropoiesis as indicated by a granulocytic leukocytosis, 
thrombocytosis, reticulocytosis, and by an increase in circulating erythrocytes. 
This current concept of cortisone as a marrow stimulant might suggest its use- 
fulness in combined thermal and irradiation damage. The present study was 
undertaken to determine whether cortisone could assist in the repair of a marrow 
damaged by irradiation. Under the conditions of this experiment it became 
evident that, far from stimulation, cortisone had a retarding effect on the re- 


generation of blood-formineg tissues. 


MATERIALS AND METHODS 


Plan of Experiment.—Sprague-Dawley rats, weighing 200 to 250 Gm., were maintained 
i | y ’ g 
on a diet of Purina. Group 1 consisted of 35 animals given 10 mg. of cortisone acetatet 


1 


intramuscularly each day. Three animals were killed every two days. None of these 


animals were irradiated. Group 2 consisted of 3S rats exposed to 200 r { whole body irradia 
tion. Beginning the third day after irradiation, and continuing fourteen days, one-half of 
the animals were given 30,000 units of penicillin and 10 mg. of cortisone by intramuscular 
injection daily. The remaining nineteen control animals were injected each day with 30,00 


units of penicillin alone. <A single group of six animals was sacrificed on the third day 
following irradiation, and six animals from each group were sacrificed on the eleventh 
and twenty-first postirradiation days. Five days before the final groups were killed, radioiron 
(Fe55) was injected intravenously into the animals of each group. At the time of sacrifice 
the radioiron content of the red cells was determined. Group 3 consisted of 60 rats giver 
500 r total body irradiation§ with either cortisone and penicillin or penicillin alone on the 
same dosage schedule as the animals in Group 2. Six animals were sacrificed on the secon 
postirradiation day, and six on the fourth day following irradiation. On the eleventh post 
irradiation day, five animals from each group were sacrificed, and at twenty-three to twent} 
five days following irradiation six more animals from each group were kill 
Cortisone and penicillin were administered through the eighteenth day. Radioiron was giv: 
four days before the termination of the experiment, and the level of red cell radioactivit 
was subsequently determined. Peripheral blood studies and marrow examinations were pe! 
formed and the carcass, adrenals, spleen, and kidneys were weighed at the time of sacrifi 
of each animal. 
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Methods.—Blood was drawn from the heart into a heparinized syringe for peripheral blood 
studies. Hemoglobin was determined by the oxyhemoglobin method on an Evelyn colorimeter. 
Platelet counts were done by the direct method using Rees-Ecker fluid. Bone marrow was 
obtained by drilling a hole in either end of the femur and expressing the marrow under 
pressure with oil. The marrow was then smeared and stained with Wright’s and Jenner- 
Giemsa stains. Sections were also obtained from the sternum and femur after fixation in 
Vandegrift’s solution. Paraffin sections of the sternal marrow were cut at 10 micra and 
stained with hematoxylin and eosin. The total marrow present was estimated. From 
previous experiences it was known that the marrow cavity in sternum and femur is filled 
with uniform sheets of cells filling approximately 96 per cent of the cavity.s,9 In Tables 
I and IT total cellularity of the marrow is expressed as a percentage of the normal amount. 
Thus a figure of 25 indicates the estimated presence of 25 per cent and the absence of 75 
per cent of the natural cellular marrow filling. This figure represents an approximation 
indicating a trend rather than an absolute measurement. Samples to be analyzed for radio 
active iron content were precipitated, electroplated, and counted according to previously 


described techniques.% 
RESULTS 

Animals in Group 1, sacrificed while on cortisone, showed an eosinopenia 
(mean count 22 per cubic millimeter) with a rebound to over 200 per cubie 
millimeter after therapy, a slight rise of hemoglobin from an initial level of 
14.0 to 15.8 Gm. per 100 ml. during the second week of therapy, and no dis- 

TABLE I. 200 rR ToraL Bopy IRRADIATION TO ALL RATS ON 0 DAy; PENICILLIN THERAPY 
to Att ANIMALS AFTER Four Days 


BONE MARROW 


WEIGHT TOTAL| MYEL. |ERYTH | 
DAY OF | CHANGES!| PERIPH, | (PER | (PER | (PER 
HERAPY | SACRIFICE) IN GRAM | W.B.C. | CENT) |) CENT) |CENT ) HISTOLOGICAL 
None 4 -10 average 70 16 84 General damage to all cells. 
01 1,750 50 29 71 Nuclei of myeloid series are 
—~06 70 17 83 ill defined, washy in outline, 
OS = — -— many are hypersegmented or 
10 70 29 71 slow clumping. Cytoplasmatic 
9 70) 30 70 eranules are indistinct. 
ontrols 1] 4 average S0 17 83 Well-defined ceils and nuclei with 
+05 3,830 60 39 61 regeneration, especially in 
06 70 28 72 erythroid series. 
+02 70) 35 65 , 
+01 60 Do 17 
23 $20) average 90 29 71 Well-defined cells with regenera 
+06 5,775 95 19 8] tion in myeloid and erythroid 
LOS 95 22 78 series. , 
408 85 30 70 
ay) 85 24 76 
+16 90) 76 24 
rtisone 1] 29 average 50) 40) 60  Marrows depleted, abnormal 
—28 2,992 50 14 86 forms of nuclei still present in 
—16 50 32 68 myeloid series. Early regen- 
22 60 30 70 eration of erythroid but not of 
~19 60 33 67 myeloid series. 
14 40 9 7] , 
23 —48 average 30 23 77 Generally depleted marrows with 
—50) 4,770 40 21 79 little evidence of regeneration 
—02 55 51 69 in the myeloid, but active re- 
85 30 21 79 generation in the’ erythroid 
68 50 466 series. , 
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cernible effect on the total leukoevte count. Marrow studies showed an over-all 
decrease in cellularity of approximately 25 per cent during the period of cortisone 
administration. The weight of the animals decreased 10 per cent, but returned 
to normal within six days after cessation of therapy. Under cortisone treatment 
the splenic weight decreased 380 per cent and adrenals 48 per cent, while the 
weight of the kidneys increased 3 per cent. These data were taken to indicate 


that a biologically effective dosage of cortisone had been administered. 








Fig. 1.—Rat bone marrow, untreated natural control. 


Data on animals of Group 2 are presented in Table I. By the fourth day 
following 200 r total body irradiation a moderate amount of marrow damage was 
visible. The marrow damage appeared progressive over twenty-three days ii 
the cortisone-treated animals, while repair was almost complete in the animals 
not on cortisone. The differential count of the bone marrows as well as sections 
indicated that the myeloid cells were more severely affected and were slower I 
regeneration than the erythroid series (see figure in Table I). Peripheral bloo 
elements also were more severely depressed in the cortisone group. Radioiro 


uptake in the cortisone group averaged 360 counts per minute per milliliter o 






blood, while in the control group there were 512 counts per minute per millilite 
| 





of blood. 





Data on animals in Group 3, treated with 500 r total body irradiation, a) 





presented in Table II. In this group nine animals from the cortisone-treate 






group and four animals in the control group died during the experiment. Whil 






splenic and adrenal weights decreased in both groups immediately followin 
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Fig. 2.—Rat bone marrow, seventy-two hours following 500 r total body x-radiation. 
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3.—Rat bone marrow, twenty-five days following 500 r total body x-radiation. 
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irradiation, there was a rapid return to normal in organ weights in control 
animals in contrast to further weight loss in the cortisone-treated animals. Fig. 1 
shows the bone marrow of an untreated rat for comparison. Figs. 2 and 3 show 
the bone marrow of rats at three and twenty-five days after 500 r total body 
x-radiation. Figs. 4 and 5 show the adverse effect of cortisone on the regenera- 
tion of marrow in x-radiated rats. For at least eleven days after irradiation 
there was extensive marrow destruction and marked depression of leukocytes 
and thrombocytes in the peripheral blood. In the control group marrow repair 
was nearly complete by the twenty-fifth day, although some residual leukopenia 


and anemia remained. In the cortisone-treated group, however, marrow was 


TABLE II. 500 rR TotaL Bopy TRRADIATION TO ALL ANIMALS ON 0 Day; 


PENICILLIN THERAPY TO ALL ANIMALS AFTER Four DAYS 
BONE MARROW 
WEIGHT rOTAL! MYEL, /ERYTH. 
DAY OF | CHANGES PERIPH. (PER PER PER 
THERAPY (SACRIFICE IN GRAM W.B.C. CENT ) | CENT) | CENT ) HISTOLOGICAL 
None 2 20) Poly 1330 350 28 72 Generally early irradiation 
+38 Lymph 9434 50 31 69 damage to all cells with 
+33 Mono 94 100 52 tS hypersegmented nuclei 
+22 Kos $2 100 38 02 in mveloid series. 
LO5 100 1] 59 ; 
4 —12 Poly 2ie 10 ae. 65 Generally severely dam 
—66 Lymph 879 20 16 S4 aged marrow with ne 
18 Mono 58 10 37 63 crotic fatty areas. 
—24 Eos 21 25 49 )1 
24 15 oo 67 
2 0D 1] 99 
Controls 1] +358 Poly $10 15 16 S4 Nuclear definition better in 
+16 Lymph 1134 50 22 78 myeloid series but only 
0 Mono ae «6 80 10 90 little evidence of regen 
OS Eos 52 350 9 9] eration. Early regenera 
+} 65 23 77 tion in erythroid series. 
23 +16 Poly 1266 60 32 68S Regenerating myeloid and 
2 Lymph 1105 85 18 82 erythroid series, in re 
14 Mono 90 90 55 45 covering marrow. 
—16 Eos 24 50 63 37 
29 +32 Poly 1915 100 23 72 Marrow fully recovered. 
+12 Lymph $306 100 80 65 ; 
Mono 29 
Eos = 
Cortisone 1] —60 Poly 777— 50 ies = Degenerating marrow wit! 
—52 Lymph 524 40 19 81 fatty replacement. 
72 Mono 12 40 ba a Nuclei indistinet with 
82 Eos 12 25 17 83 clumping chromatin, 
96 19 8] Differential count re- 
sponsible in two cases. 
Ze 14 Poly 1266 50 30 70 = Better nuclear definition 
124 Lymph 110520 27 73 now in myeloid series 
2 Mono 90 50 29 is Early foci of regener: 
—72 Eos 24 50 29 71 tion in erythroid serie 
29 40 Poly 2222 650 15 8) Regenerating marrow esp 
10 Lymph a0 28 72 cially erythroid series. 
Mono Good nuclear definiti( 
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g. 5.—Rat bone marrow, twenty-five days following 500 r total body x-radiation 
sone therapy. 











Fig. 4.—Rat bone marrow, eleven days following 500 r total body x-radiation with cortisone 


n> ey 


. Se 


with corti- 








180 THIERSCH, CONROY, STEVENS, AND FINCH 


still only one-half normal in cellularity twenty-five days after irradiation. The 
depression of myelopoesis and the more prolonged damage in the myelocytic as 
compared with erythroid tissue was even more marked than in Group 2 (see 
Table Il). The hemoglobin concentration, platelet count, and total white blood 
count in the cortisone-treated animals were lower than in the control group, 
while the absolute granulocyte count did not differ significantly (Table IT). 
Radioiron uptake in the blood of cortisone-treated animals averaged 390 counts 
per minute per milliliter as compared with 540 counts per minute per milliliter 
in the control group. 


DISCUSSION 


The effect of cortisone on normal rats included loss of total body weight, 
decrease in size of spleen and adrenal glands, eosinopenia, and a mild depression 
of the bone marrow. X-radiation alone resulted in weight loss, marrow damage, 
followed by repair over a period of three to four weeks. The administration of 
cortisone to irradiated rats resulted in a cumulative harmful effect of irradiation 
plus that of the hormone. These animals suffered a more severe weight loss and 
blood and bone marrow depression than was found with either agent alone. 
Histologic sections showed a strikingly slower rate of marrow regeneration, and 
radioiron uptake studies indicated a lower level of erythropoiesis in the cor- 
tisone-treated animals. In these experiments the time sequence of cortisone 
therapy after irradiation was planned to simulate the clinical situation following 
a mass discharge of nuclear energy and irradiation sickness. Here flash burns 
might be an added incentive to oxysteroid therapy. Previous reports of other 
workers” **: 7*: "4 showed that cortisone given prior to or immediately following 
x-ray radiation had little effect on the severity of irradiation damage. The 
present observation, wherein cortisone was administered after irradiation damage 
was established, demonstrated the hormone to be detrimental to reeovery. 

The mechanism of this cortisone effeet is not known. Both depletion of 
sulfhydryl groups’ * and injury to lymphoid tissue’ may be of importance in 
potentiating irradiation damage. While cortisone may produce both these 
effects, cortisone therapy in these studies was administered several days after 
irradiation, at a time when the previously mentioned mechanisms have not beer 
demonstrated to be effective. 

CONCLUSION 

Cortisone administered following irradiation in rats impairs the recovery of 
hematopietie tissues. 

The authors would like to express their appreciation to Dr. Templeton for his assistance 
in irradiation of the animals. 
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THE FREQUENCY OF LABORATORY INFECTIONS WITH 
HISTOPLASMA CAPSULATUM: THEIR CLINICAL AND 
X-RAY CHARACTERISTICS 
MicHaeL L. Furcotow, M.D.,* Warren G. GuNrTHEROTH, A.B.,** 
Kansas City, KAN., AND Myron J. Wiis, A.B.,*** ATLANTA, GA. 





INTRODUCTION 


3 ANY laboratory in which infectious materials are studied and handled, the 
possibility of infection of laboratory personnel with the agents must be con- 
sidered. Such laboratory infections are known to oecur with bacteria, ricket- 
tsiae, viruses, and fungi.'’ The present paper presents an attempt to assay the 
laboratory hazard associated with the handling of a pathogenic fungus, /Histo- 
plasma capsulatum, the clinical illness which accompanies such laboratory in- 
fection, and the characteristics of the chest lesions which appear in the x-ray. 


MATERIAL AND METHODS 

A total of fifty-six -2rsons has been employed at the Mycoses Laboratory of the Public 
Health Service in Kansas City, Kansas, during its six and one-half years of existence. Ever 
since the laboratory was established, it has been routine for each new employee, upon entering 
on duty, to receive tuberculin and histoplasmin skin tests and a chest x-ray; those negative 
to the skin tests have been retested at intervals of three to six months during their employ- 
ment. All personnel have been x-rayed at intervals of three to six months regardless of 
their skin reactions. Persons whose skin tests were originally negative and changed to 
positive during their employment were considered to have become infected, and were ob- 
served closely for clinical or x-ray evidence of this infection. Most of the personnel have had 
more or less intimate contact with the laboratory work, and hence, exposure to possible 
laboratory infection with the fungi which are being studied, in particular H. capsulatum. 


RESULTS 


Of the 56 employees, 30 (54 per cent) were positive to histoplasmin when 
first tested. The remaining 26 were skin-test negative at first test. Of those, 
four had only one test, and five others remained negative for periods of three, 
three, eight, sixteen, and twenty-eight months, respectively. The remaining 17 
persons developed positive histoplasmin skin tests after periods of employment 
varying from one month to three years, averaging approximately 4.2 months 
The average age of these persons was 29.3 vears. The details of the Skin test 
observations in the 17 converters and the 5 noneonverters are seen in Table I. 

From this table it seems that the total susceptible months of observation in 
these 22 persons was 128.50. The conversion rate per 100 susceptible person 
months is calculated as follows: af. — x 100 = 13.23 per cent per month. 


128.5 
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Since the laboratory is situated in an endemie area of histoplasmosis where 
the infection rates are high,? the laboratory personnel also would be exposed 
to this natural source of infection. Therefore, determining the conversion rate 
(change from negative to positive skin test) of persons living in this area, but 
not employed in the laboratory, would be essential in appraising the significance 
of the conversion rate for the laboratory personnel. 

For this purpose there were available the records of 5,689 Kansas City 
school children who were being followed by repeated skin tests and x-rays.* 
The records of this survey were analyzed by using experience-table methods, and 
the results are shown in Table II. 

The over-all conversion rate for the group of school children was 0.47 con- 
versions per 100 susceptible person mouths. For the laboratory personnel the 
rate was 13.23 conversions per 100 susceptible person months. A chi-square 
test of the significance of the difference between these rates indicates that there 
is less than one chance in a thousand that a difference as great as the one ob- 
served could arise by chanee. (Chi-square 342, 1 degree of freedom). 

Clinical and N-ray Characteristics of Laboratory Infections —Of the seven- 
teen persons who converted while working in the laboratory, seven gave his- 
tories of definite illnesses of an influenza-like nature which oceurred about the 


TABLE I. TIME REQUIRED FOR CHANGE IN SKIN TESTS AMONG 17 LABORATORY PERSONNEL 

WHOSE HISTOPLASMIN SKIN TEST CHANGED FROM NEGATIVE TO POSITIVE (CONVERTERS) 

DURING EMPLOYMENT. ALSO SHOWN ARE RECORDS OF FIVE LABORATORY PERSONNEL WHOSE 
SKIN TESTS REMAINED CONSISTENTLY NEGATIVE 


CONVERTERS 


PERIOD FOR CONVERSION (IN MONTHS 


CASE NO, MINIMUM MAXIMUM \VERAGE 
1] 0 ys l 
) 0 L.5 0.75 
3 2.9 3 2.75 
4 8.5 7.75 
5 0 5 1.5 
6 1.5 $5 
7 1.5 4.5 3 
8 0 2 l 
9 1.5 £5 ° 
10 4 8.5 6.25 
11 35 os 36.5 
12 0) l 05 
13 0 I 0.5 
14 0 l 0.5 
15 0.5 1.5 ] 
16 0.5 2 1.25 
17 0.5 1.0 0.75 
Total 71.00 
NONCONVERTERS 
CASE NO. PERIOD SKIN TEST REMAINED NEGATIVE (IN MONTHS) 
1 3.5 
2 2.5 
2 S.0 
4 15.75 
5 27.79 
Tota 57.50 


Total susceptible person months 128.50 
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time their skin tests changed from negative to positive (Table III). These ill- 
nesses usually lasted from three to ten days, confining the patient to bed with 
cough, fever, and loss of weight. In the most severe case, the patient was ab- 
sent from work for nine weeks. Since the illness in this case was carefully ob- 
served, the details are of interest. Her illness began approximately one month 
after entering employment. The onset was gradual, with malaise and headache 
followed by cough and slight chest pain. There was a daily temperature eleva- 
tion from 100 to 101° F. After several days the chest pain disappeared. Head- 
ache, cough, malaise, weakness, and temperature continued. No changes were 
visible in the chest roentgenograms during the illness, but a pneumonie lesion 
appeared in the right third and fourth interspaces three months after recovery. 
The sedimentation rate was found elevated (25 mm. in sixty minutes) on the 
eighteenth day of illness. It was still slightly elevated (12. mm. in sixty min- 
utes) when last tested 351 days after onset. Results furnished strong supporting 
evidence that the infection was caused by I. capsulatum. 

Five of the seven persons with illnesses had positive x-ray findings. One of 
these had an ill-defined basilar pneumonie lesion in the left lower lobe and a 
small pneumonie lesion in the right first interspace. These lesions showed con- 
traction during fourteen months of follow-up. The second had two small nodular 


TABLE IIT. SUMMARY OF CLINICAL AND X-RAY OBSERVATIONS ON 17 LABORATORY PERSONNEL 

WHOSE HISTOPLASMIN SKIN TEST CHANGED FROM NEGATIVE TO POSITIVE (CONVERTERS) DURING 

EMPLOYMENT. SIMILAR OBSERVATIONS ON 5 NONCONVERTERS AMONG LABORATORY PERSONNEL 
ARE SHOWN 


CONVERTERS 


LENGTH OF | 
X-RAY OB- 





CASE CLIN. HIST. X-RAY TYPE OF X-RAY SERVATION FATE OF 
NO. AGE OF ILLNESS LESIONS LESIONS (MONTHS) LESIONS 
1 Ss 06~—C~«SS - 20 
2 22 + + Nodular-2 23 Sear 
: 29 + t Pneumonic-2 19 Contracting 
4 32 4 0 18 
5 40 0 0 0 
6 27 + 0 8 
7 30 0 0 64 
8 45 0 0 34 
10 26 0 + Mediastinal Node 70 Regression 
i 25 0 0 1] 
12 23 0 : Pneumonic l 
13 22 + + Pneumonic 4 Regressing 
14 23 0 0 18 
15 48 + + Pneumonie 10 
16 26 0 0 8 
a lyf 28 + : Pneumonie 2 
verage 29.3 20.1 
i pONote NONCONVERTERS - a 
= iia 22 oa eG pio cme 7 3 —s 
2 24 0 0 6 
3 27 0 On Ist film Arrested Min. Tuber- 9 No change 
culosis Several 
Years 
4 38 0 On Ist film Thorocoplasty Sev. 1 No change 
Years Previous 
5 31 0 0 27 
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lesions in the right fourth and left fourth interspaces which healed by fibrosis 
after nineteenth months. The third person showed an enlarged, right medi- 
astinal node which regressed after fourteen months observation. The fourth 
developed a pneumonie lesion in the right third and fourth interspaces which 
appeared after the clinical illness had subsided, and persisted for at least four 
months. The fifth showed a pneumonie lesion in the right fourth interspace 
which cleared in several weeks and a pneumonie lesion with enlarged hilar 
lymph nodes on the left which persisted for at least six weeks. Two other per- 
sons showed x-ray lesions without accompanying illness; one a pneumonie lesion 
in the left fourth interspace which has been followed for less than a month, the 
other a pneumonie lesion in the left third interspace which showed regression 
after four months of follow-up. The average follow-up period by x-ray for the 
group was 20.1 months, but five of the converters were followed by x-ray for 
less than six months (for details of these 17 converters, see Table ITT). 

It is to be regretted that sufficient blood samples were not secured on these 
persons to evaluate adequately the serological changes accompanying infection. 
In only three cases (Cases 15, 16, and 17) were sufficient samples obtained to 
get a fairly complete picture. No serological changes were detected in Case 16 
Both of the other cases developed positive precipitin tests which fell toward 
normal with recovery. One (Case 17) also developed a low titer complement 
fixation test. Both of these persons had clinical illness. The serological changes 
will be reported in a later publication. 

Most of the converters had little or no sputum with their illness, and speci- 
mens for culture were secured in only two eases. None of these specimens were 


positive for H. capsulatum by culture or animal inoculation. 


DISCUSSION 


It is apparent from Table I] that the risk of infection with HT. capsulatum 
while working in the laboratory is very much greater than among the general 
population of the same city. In faet, the risk of laboratory infection was 
13.23/0.47, or approximately 26 times greater than the risk among the school 
children. Since both groups are similar, as far as can be determined, except 
for age and occupation, the higher conversion rate in the laboratory personne! 
may be due to: (1) decreased resistance arising from their greater age, or (2 
increased exposure to H. capsulatum in the laboratory, or (3) a combination 
of these two factors. Sufficient data to determine effects of age on susceptibility 
to infection with H. capsulatum at ages beyond 16 years are not available. How 
ever, there is no data which suggests that susceptibility of adults to this diseas: 
is greater than that of children. Therefore, it seems probable that working ii 
a mycological laboratory with H. capsulatum constitutes an increased hazard o 
contracting an infection with this fungus. These results are similar to thos 
reported* for persons employed in a laboratory studvine Coccidioides immitis 

The history of clinical illness accompanying conversion to the histoplasmit 
skin test was high (41 per cent). It is interesting to compare this incidence of 
illness with that reported by Smith and associates® for converters to the coc 
eidioidin skin test among Army personnel. Among ecoccidioidin converters, 2 
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per cent showed a definite illness or other diagnosible change, while another 
16 per cent showed mild illness but were not diagnosed (so-called *‘missed and 
subclinical infections’’). It is interesting to note, however, that the percentage 
showing no determinable illness among his group (59.4 per cent) is the same 
as that reported for the present group (59 per cent). 

The serological changes accompanying infection in two of the three cases 
in which sufficient satisfactory samples were obtained are striking, and sub- 
stantiate the usefulness of the serologieal tests in diagnosing the infection. 


SUMMARY 


The conversion rate trom negative to positive skin test among laboratory 
employees was 13.23 conversions per 100 susceptible person months, while in a 
large group of school children, the conversion rate was 0.47 conversions per 
100 susceptible person months. The difference between these rates is statistically 
significant and suggests that employment in the laboratory increased exposure 
to infection with fH. capsulatum. 

This conversion in skin test (change from negative to positive) was accom- 
panied by a definite clinical illness in 7 of the 17 laboratory personnel under 
observation (41 per cent). This illness was nonspecifie in character, but in one 
instance caused nine weeks loss from work. Five of these 7 persons with ill- 
ness accompanying conversion also showed x-ray changes in their lungs at the 
same time. 

Seven of the 17 converters (41 per cent) had x-ray changes appear in their 
lunes about the time of conversion which regressed slowly. The lesions which 
appeared were pneumonie in character in five persons, nodular in one, and 
involved the Ivmph nodes only in one person. Single lesions appeared in the 
x-rays of four persons, two lesions in each of the remaining three persons. 
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BLOOD PLASMA PEPSINOGEN 


Il. THe Activity OF THE PLASMA FROM ‘‘ NORMAL’ SUBJECTS, PATIENTS WITH 
DUODENAL ULCER, AND PATIENTS WITH PERNICIOUS ANEMIA 


I. ARTHUR Mirsky, M.D.,* Perry FurrermMan, M.D., Anp 
STANLEY KAPLAN, M.D. 
CINCINNATI, OHIO, AND PITTSBURGH, PA. 


ATIENTS with duodenal ulcer have a greater rate of pepsinogen excretion 

in the urine (uropepsin) than do persons without any gastrointestinal dis- 
turbances.! Conversely, the pepsinogen excretion by patients with pernicious 
anemia is negligible. 2 Since the proteolytic activity of plasma at pI 1.5 is 
due principally to the autoecatalytic conversion of pepsinogen to pepsin,® it be- 
came pertinent to determine the activity of plasma from subjects with and with- 
out known dysfunction of the gastric mucosa. 


METHOD 


The studies reported herein were performed during the period from December, 1949, 
to March, 1950, in order to obviate any influence of seasonal factors on gastric secretion.4 

The major criterion used in the selection of subjects was the presence or absence of gas 
tric dysfunction. Consequently, individuals without any evidence of gastrointestinal dis 
turbance or of any condition known to affect gastric secretion were selected to comprise the 
‘‘control’’ group. Since hepatic cirrhosis,t diabetes mellitus,# nephritis,t rheumatoid arthri 
tis,4 osteoarthritis,4 pregnancy,> hyperthyroidism,é and hypochromie anemia? have been alleged 
to affect gastric secretion, care was taken to exclude such states from the ‘‘control’’ group. 
The subjects comprising the duodenal ulcer group were selected on the basis of unequivocal 
roentgenologic or gastroscopic demonstration of the lesion at some time prior to this study. 
The subjects comprising the pernicious anemia group were selected on the basis of the dem 
onstration of typical hematologic changes in the past which were corrected with liver therapy 
Since the subjects were all on liver therapy, no effort was made to validate the diagnosis. 

A modification of Anson’s procedure’ was utilized for the assay of the proteolytic activit) 
of plasma at pH 1.5.3 Although a small proportion of the activity obtained with this pro 
cedure is due to some system other than pepsin, the major proportion of the total activit) 
is due to the autocatalytic conversion of pepsinogen to pepsin.’ Consequently, the total 
proteolytic activity of the plasma, expressed as micrograms of ‘‘tyrosine’’ released by the 
action of 1 ml. of plasma at pH 1.5 in the standard assay procedure, was utilized as an inde 
of the concentration of pepsinogen in the native plasma. For the sake of convenience, thé 
total activity will be referred to as ‘‘ pepsinogen.’’ 
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Constancy of Plasma Pepsinogen.—In order to evaluate the significance of 


the pepsinogen content of the plasma in various groups of subjects, it became 


essential to determine the variability from hour to hour and day to day. 


Ac- 


cordingly, blood samples were drawn from a group of men at intervals of from 


two to four hours throughout the day. The plasma pepsinogen activity of the 


different subjects varied from 280 to 788, while the coefficient of variation of 


each subjeet’s samples ranged from 2 to 22 per cent, with a mean coefficient 


of 8 per cent (Table 1). 


TABLE I. VARIATIONS IN PLASMA PEPSINOGEN OF BLOOD TAKEN AT FROM Two TO FOUR 


HOURLY INTERVALS DURING THE DAy 


SUBJECT NO, OF SAMPLES MEAN + S.D.* 
1 9 572 + 66.6 
2 7 606 + 87.6 
3 8 359 + 88.8 
4 a 686 + 75.2 
5 7 639 + 32.3 
6 4 387 + 86.3 
7 8 689 + 26.3 
8 7 111t-* 305 
9 5 fA ily rg 
10 9 602 + 38.4 
11 8 673 + 29.0 
12 7 393 + 30.0 
13 D 649 + 38.1 
14 9 477 *& 44.3 
1D g o12 + 11.0 
16 8 507 + 37.6 
7 9 280 + 22.4 

18 7 788 + 68.5 
19 | 747 + 23.6 


COEFFICIENT OF 
VARIATION 
( PER CENT ) 


11.6 
14.5 
15.9 


11.0 


po Ol 


OF 


“100 
et ne 6 


Ww O os 
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EoR?) Re Ee 


wan sate 
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*Expressed as micrograms of “tyrosine” released by the activity of 1 ml. plasma in the 


tandard assay. 


To test the degree of fluctuation from day to day, the plasma pepsinogen 
ictivity of two healthy men and two healthy women was determined daily 
or approximately one month (Table Il). The coefficient of variation was es- 
sentially the same for each subject, viz., from 12 to 18 per cent. 


TABLE II. DAILY VARIATIONS IN PLASMA PEPSINOGEN 


ACTIVITY 


SUBJECT SEX DAYS MEAN 
S. M. M 32 : 590 
E. W. F 31 540 
G F. F 32 500 
Pp. F. M 32 540 


*Expressed as micrograms of ‘‘tyrosine’’ released by the activity of 1 ml. plasma in the 


indard assay. 


+ 


I+ 1+ 14+ 14! ! 


COEFFICIENT OF 
VARIATION 


Sih.* (PER CENT) 
70. 12 
95 18 
79 16 
80 15 


When the cumulative percentage frequeney of a variable is plotted on 
obability paper against the units of that variable, a straight line is obtained 
hen the distribution is normal. Illustrative is the plot in Fig. 1 of the daily 
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values for plasma pepsinogen of a subject studied for thirty-two days, and 
which demonstrates that the data are arranged about a mean in the form of a 
normal distribution curve. It can be demonstrated, likewise, that the fluctua- 
tions from hour to hour are also random in that the values can be arranged about 
some mean in the form of a normal distribution curve. Accordingly, it is per- 
missible to utilize a single sample of plasma drawn at any time of the day to 
characterize the individual and for comparison between individuals. 











CUMULATIVE PER CENT OF DAILY ASSAYS 
WITH INDICATED OR LOWER VALUES 





! \ ! ! 
300 400 500 600 700 
TYROSINE - y RELEASED PER mi PLASMA 


Fig. 1.—Frequency distribution of 32 daily assays of plasma pepsinogen of a healthy man. 








Effect of Food.—Although previous studies on the rate of excretion of uri 
nary pepsinogen (uropepsin) revealed no influence of food,’ nevertheless, it 
was pertinent to determine the effect of eating on the pepsinogen of the 
plasma. Blood samples were drawn from healthy subjects at intervals of fron 
thirty to sixty minutes for from three to four hours before and after they wer 
given a meal consisting of isocaloric quantities of carbohydrate or fat or pro 
tein, or a mixture of the three. In no instance did the food produce a sig 
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nificant effect on the plasma pepsinogen (Fig. 2). Further, dogs fasted for 
six days showed no significant changes in the plasma pepsinogen. In view of 
these observations, blood samples were drawn from the various groups of sub- 
jects approximately two hours after breakfast. 

Control Group.—aAssays of plasma pepsinogen were performed on 161 
male and 151 female subjects of from less than 1 year to 89 years of age 
(Fig. 3). A summary of data reveals that the activity of the plasma increases 
with age until the third decade, and remains fairly constant thereafter (Table 
II1). Although there seems to be a tendency for the values to be higher in 
men than women, analysis of covariance revealed no significant difference be- 


tween the sexes of each age group except for the 70- to 79-year-old group. 
































600 
500 F “=. i ae 
aq 400F i aint ° 
Ss CARBOHYDRATE 
= eRe ne roe. ee ee . 
a A a weer” 
a 200 | l + | l l 
£ 600 
& e@---- ea ipsa ==¢----~e 
+ e-em On KK tee ee --==3 
tee meee 2-7" PROTEIN 
fan) l 1 | 
“e 400 
a 
ul! TOD FF gone ten TO candi 
us) 4 UHi@6M(0—=—8° 
Ss GP. cus ac FAT 
“ 500 I | A l | l l 
W 
z TOO cera ee 
” ing od 
2. 600F a Se ia eA a a 
> 
- s0o0F 
MIXED _ 
400 Per nr rn nme ee oe a Nie 
— —o 
_— 
300 l l h l | | | i 


fe) 30 60 90 120 150 180 210 
MINUTES 


‘ig. 2.The effect of carbohydrate, fat, protein, and a mixed diet on the plasma pepsinogen. 


Duodenal Ulcer.—The duodenal ulcer group consisted of ninety-eight sub- 
ets, seventeen of which were women. Unequivoeal evidence of an active duo- 
enal uleer was demonstrated within forty months prior to the present study 


1 eighty-eight of the patients. In eighty-four subjects, less than twenty 
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TABLE III. PLASMA PEPSINOGEN OF SUBJECTS WITHOUT GASTROINTESTINAL DISTURBANCES 





SIGNIFICANCE OF 











MEN WOMEN DIFFERENCE 
AGE ACTIVITY ACTIVITY * 
GROUPS NO. MEAN + S.D. NO | MEAN ¥ §.D. P 
0-9 18 391 + 26.1 19 449 + 26.1 ~0.1-0.2 
10-19 13 521 + 39.9 22 171 + 22.6 0.2-0.3 
20-29 27 634 + 35. 18 571 + 24.9 0.1-0.2 
30-39 15 623 + 43.6 17 615 + 38.2 0.8-0.9 
40-49 16 639 + 57.0 17 630 + 32.7 0.8-0.9 
50-59 16 648 + 59.3 20 Hos + 34 0.4- 
60-69 15 596 + 66.7 14 686 + 75.6 0.4 
70-79 25 749 = $1.3 13 571 = 3os0 0.02-0.05 
80-89 16 731 + 49.3 1] 643 + 61.2 0.2-0.3 
* Expressed as micrograms of “tyrosine” released by the activity of 1 ml. plasma in the 
standard assay. 
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Fig. Plasma pepsinogen of subjects without gastrointestinal disorders. 


months had elapsed since the activity of the ulcer had been demonstrate 


while in seventy subjects, less than ten months had elapsed. 


The seatter « 


the data obtained in the ninety-eight patients is illustrated in Fig. 4. 


Since the sex of the subject does not affect the plasma pepsinogen, a! 


since the number of women in the group was too small to permit for adequa 


statistical analysis, both men and women with duodenal ulcer were compar« 


with both men and women comprising the contro] group. 
Table IV that at all age periods, the patients with uleer have a significant 


It is apparent fro 
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PLASMA PEPSINOGEN 
TABLE IV, PLASMA PEPSINOGEN IN PATIENTS WITH DUODENAL ULCER 


SIGNIFICANCE OF 


CONTROLS DUODENAL ULCER DIFFERENCE 
AGE | ACTIVITY* | ACTIVITY* 
GROUPS NO. MEAN + S.D. NO. MEAN + S.D. | P 
0-9 37 421 + 18.2 x ree ; ee 
10-19 5) 489 + 20.5 1 936 eh ae Ea a 
20-29 45 609 + 22.6 14 761 + 44.8 0.001-0.01 
30-39 32 619 + 28.4 18 743 + $8.4 0.02 -0.05 
40-49 33 634 + 31.8 23 845 + 50.2 Less than 0.001 
50-5¢ 36 Giz + 31.4 20 056 = 82.2 Less than 0.001 
60-69 29 639 + 50.1 15 1094 + 104.9 Less than 0.001 
70-79 38 690 + 37.8 7 975° = 157.6 0.001-0.01 
80-89 27 695 + 38.6 arene eee olde bel ian he 


*Expressed as micrograms of “tyrosine” released by the activity of 1 ml. plasma in the 
standard assay. 
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Fig. 4.—Plasma pepsinogen of patients with duodenal ulcer. 


ther plasma pepsinogen activity than the control group. Further, whereas 

mean values for the control group are relatively constant after the third 
‘ade, the patients with duodenal ulcer have an inereasing level with in- 
asing age. 
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TABLE V, PLASMA PEPSINOGEN IN PATIENTS WITH PERNICIOUS ANEMIA 


SIGNIFICANCE OF 


SUBJECTS WiTH PERNICIOUS ANEMIA DIFFERENCET 
AGI ACTIVITY 
GROUPS NO, MEAN + SLD. P 
30-39 } OD 23.8 Less than 0.001 
40-49 15 202 + 20.1 Less than 0.001 
50-59 19 260 + 21.6 Less than 0.001 
60-69 31 253 + 16.1 Less than 0.001 
70-79 26 258 + 17.2 Less than 0.001 
80-89 6 oy = 19.1 Less than 0.001 
Iaxpressed as micrograms of ‘tyrosine’ released by the activity of 1 ml. plasma in the 
standard assay 
fCompared with control group. 
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Fig. 5.—Plasma pepsinogen of patients with pernicious anemia. 


Pernicious Anemia*.—The plasma of thirty-seven men and_ sixty-fou 
women with pernicious anemia was assayed for pepsinogen (Fig. 5). Th 
values obtained at all periods were well below those of the subjects comprisin 
the control group (Table V). Sinee it has been demonstrated that from 15 
to 200 micrograms of ‘‘tyrosine’’ released by the action of 1 ml. of plasma i 
the standard procedure is not due to pepsinogen,® it is probable that the value 
obtained in the patients with pernicious anemia are due to minimal] amount 
of pepsinogen. 


_ *We are indebted to Dr. David M. Allweiss who provided us with many samples fro 
patients with pernicious anemia. 
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DISCUSSION 
In a previous communiecation,® it was demonstrated that healthy men ex- 
crete appreciable quantities of pepsinogen at a fairly constant rate throughout 
the day and from day to day. It was noted also that the rate of exeretion is 
not affected by ordinary activity nor by the ingestion of food. The present 
study reveals the reason for the aforementioned, since the pepsinogen content 
of the plasma is relatively constant from hour to hour and day to day and is 





1200 F [] CONTROL 





DUODENAL ULCER N 
Oe 
1000 F ERNICIOUS ANEMIA : 
N 
7 N 
800 F < N \ 
600 + oH @ A H 
ea] 
aoo- 4 


200F [-] fe 











TYROSINE - y RELEASED PER ml PLASMA -MEAN + SE. 


0 ! | ! | | | | l 
O-9 20-29 40-49 60-69 80-89 
10-19 30-39 50-59 70-79 
AGE GROUPS 


Fig. 6.—Comparison of the content of pepsinogen in the plasma of subjects without any 
trointestinal disorder, patients with duodenal ulcer, and patients with pernicious anemia. 
h box represents the mean + S.FE. for each age group. 


t affected appreciably by the ingestion of carbohydrate, fat, protein, or a 
xed diet. It is quite possible, however, that the prolonged administration 
some specific diet may affect the secretion of pepsinogen.’® 

The demonstration that the plasma pepsinogen activity increases from in- 
ey to 20 years of age is in accord with the observations of Vanzant and as- 
iates'! who found a similar relationship between the age of the subject and 
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the quantity of ‘‘free acid’’ in gastric juice. The relative constaney of plasma 
pepsinogen after the third decade is in accord also with similar findings with 
respect to the relation of gastric secretion and age. 

Although the concentration of pepsinogen in the plasma of men tends to 
be higher than that of women, the difference between the sexes is statistically 
insignificant except for the subjects comprising the 70- to 79-year-old groups. 
These observations are not in accord with those of Osterberg and associates'” 
who found a significantly greater peptic activity in the gastric juice of men 
than of women, and of Vanzant and associates'! who found a similar relation- 
ship for the ‘‘free acid’’ of gastric juice. It is noteworthy that both groups 
of investigators exeluded all data from persons with achlorhydria. The va- 
idity for eliminating such data may be questioned in the light of more recent 
concepts concerning the criteria for achlorhydria.'* In the present study, no 
data were excluded and, consequently, subjects with low values for plasma 
pepsinogen may be responsible for the absence of a significant difference be- 
tween the sexes. 

In accord with previous observations on the excretion of pepsinogen by 
patients with duodenal uleer and with the observations of Gottlieb," the 
plasma of patients with duodenal ulcer has greater activity at acid reactions 
than does the plasma of normal subjects. The differences noted in the plasma 
pepsinogen activity of patients with duodenal ulcer, as contrasted with that 
of the subjects comprising the control group, are statistically highly significant 
at all ages (Fig. 6). For practically all age groups, the probability is less than 


one in a thousand that the observed differences could be due to chance group- 
ing of the subjects (Table 1V). The degree of overlapping of the data of the 


groups with and without peptie ulcer makes it impossible to utilize the plasma 
pepsinogen to determine whether or not any particular subject definitely be- 
longs to one or the other group. This limitation, however, is no greater than 
that involved in evaluating the data obtained by direct examination of the 
volume, acidity, or peptic activity of gastrie juice.” 

Analysis of the frequency distribution of the plasma pepsinogen values 
of subjects aged 20 vears and above revealed that the mean plasma pepsinogen 
expressed as micrograms of ‘‘tyrosine’’ released by the activity of 1 ml 
plasma, was 610 for the control group and &32 for the group with duodena 
uleer. The plasma pepsinogen values for 87 per cent of the patients with duo 
dena] ulcer were above the mean for the whole control group, while 14 pe. 
cent of the values of the control group were above the mean of the patient: 
with duodenal ulcer. Further, 2 per cent of the plasma pepsinogen values o 
the subjects in the control group were beyond one standard deviation of th 
mean of the group with peptic uleer, while the values of 50 per cent of th 
ulcer group were beyond one standard deviation of the mean of the norm: 
group. 

The differences in the plasma pepsinogen concentrations between group 
of subjects with and without duodenal uleer become more striking when th 
comparison is made between subjects of the same age periods. Thus, analysi 
of the frequency distribution of the values at different age periods reveal! 
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that from 76 to 100 per cent (mean = 87.3 per cent) of the patients with uleer 
have values which are above the means of the respective age groups without 
uleer; while from 4 to 13 per cent of the control group have values which are 
above the means for the groups without ulcer. 

The aforementioned differences between the groups with and without duo- 
denal ulcer are consistent with the general consensus that the patient with 
duodenal ulcer tends to secrete more gastric juice than the normal subject.'® 
In accord also with general experience is the high incidence of men with duo- 
denal uleer, the ratio of men to women being 4.8 to 1. The small number of 
women in this study, however, made it impossible to determine statistically 
whether or not their plasma pepsinogen values were significantly lower than 
those of similar aged men as is alleged to occur with respect to gastric secre- 
tion. It is of interest to note that the ratio of men to women in the 14 per cent 
of the control group with plasma pepsinogen values beyond the mean of the 
group with duodenal ulcer was 2.8 to 1 as contrasted with a ratio of 1.07 to 1 
for the whole control group. 

Many of the subjects comprising the group with duodenal] uleer did not 
present any signs or symptoms of an active ulcer at the time of the present 
study. Although a tendency for higher values was noted among patients with 
active lesions, there was no statistically significant difference between those 
with and without active lesions. Likewise, no significant correlation could be 
established between the values for plasma pepsinogen and the interim between 
the time of study and that when the active lesion was apparent. 

It would appear from the preceding that the plasma pepsinogen of a pa- 
tient with peptic uleer may remain augmented even after the lesion has healed 
and the patient is free of symptoms. In accord are the observations on pep- 
sinogen exeretion in the urine of subjects with duodenal uleer whose high ex- 
cretory rates remained unchanged long after the lesion had healed.’®  Like- 
vise, Levin, Kirsner, and Palmer™ have observed that the nocturnal secretion 
y the stomach of the patient with duodenal ulcer may show no significant 
hange even after the uleer has healed. 

If it be true that hypersecretion by the stomach, as reflected in the plasma 
epsinogen, may continue even after the duodenal ulcer has healed, then it 

ecomes pertinent to inquire as to whether such hypersecretion may have oc- 
irred long before the development of the lesion. During the course of 
udies on the excretion of pepsinogen in the urine of apparently healthy sub- 
ts, an occasional subject has been encountered whose excretory rate was 
ell within the range of those of patients with active duodenal ulcers. One 
ch subject, whose urines were assayed almost daily for about a year, de- 
loped the typical signs and symptoms of a duodenal uleer which was subse- 
ently demonstrated roentgenologically. Yet no appreciable change in pep- 
1ogen excretion was noted. Another subject with a high rate of pepsinogen 
eretion was studied similarly for almost two years when he developed an 
ute perforation as the first sign of the presence of a duodenal uleer. Both 
bjects had high plasma pepsinogen values, but, because of the absence of any 
ns or symptoms of a gastrointestinal disturbance, they were classified as 
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‘*healthy’’ and regarded as controls. These two subjects were in the 14 per 
cent of apparently healthy subjects with values beyond the mean of the duo- 
denal ulcer group. 

Available evidence does not permit any inferences with respect to the 
future course of the individual whose plasma pepsinogen content is within the 
range of the patient with duodenal ulcer, and presumably has a stomach which 
is hypersecreting with respect to pepsinogen. It may well be that such an 
individual can develop a duodenal lesion but at the present time it is impossible 
to predict that he wil] develop such a lesion. Only the study of such individuals 
over a long period of time will yield the answer as to whether the subject with 
a high plasma pepsinogen is more susceptible to ulcer than is the subjeet with 
a lower level. Studies designed for sueh purpose are now in progress. 

The plasma pepsinogen values observed in patients with pernicious anemia 
differ significantly from those of subjects without this svndrome (Fig. 6). In 
no instance was any value obtained in a patient with pernicious anemia which 
was above the mean of the subjects comprising the control group, while none 
of the control group had values below the mean of the group with pernicious 
anemia. Approximately 2 per cent of the subjects in the control group had 
values within one standard deviation of the mean for all subjects with per- 
nicious anemia. 

The observation that there is some pepsinogen in the plasma of the patient 
with pernicious anemia is in accord with the studies of Helmer, Fouts, and 
Zerfas'* who found that the peptie activity of gastric Juice from patients with 
pernicious anemia was about 1409 of that of healthy persons. Such low values 
and the highly significant differences from the control group suggest that 
the determination of the plasma pepsinogen may serve as a valuable aid in 
the diagnosis of this syndrome. 

Just as with hypersecretion, it is pertinent to inquire into the significance 
of gastric hyposecretion as reflected by the plasma pepsinogen. Toward that 
end, complete hematologic studies were made on a number of subjects whose 
plasma pepsinogen values were within the range of those of patients with per 
nicious anemia. In no instance were any abnormalities observed at the time 
Yet, within six months, one subject, aged 68 years, developed all the signs an: 
symptoms of the blood dyserasia, and subsequently the diagnosis was estah 
lished by typical morphological changes in the blood and bone marrow. 

The preceding suggest that the plasma pepsinogen may be a valuable ai 
in the diagnosis of duodenal ulcer and pernicious anemia. The significance o 
high or low values in apparently healthy subjects, however, must await th 
accumulation of extensive data on many persons. 

CONCLUSIONS 

The pepsinogen content of the plasma is fairly constant from hour to hot 
and day to day. The ingestion of food does not affect the level characteristi 
for any individual. 

The pepsinogen content of the plasma is significantly higher in patient 
with duodenal ulcer than in apparently healthy subjects of the same age. 
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The plasma of patients with pernicious anemia contains significantly less 


pepsinogen than that of apparently healthy subjects of the same age. 


In spite of overlapping of the plasma pepsinogen values of the contro] and 


duodenal ulcer group, the differences are such as to suggest that the assay of 


plasma pepsinogen may serve as a valuable aid in the diagnosis of duodenal 


ulcer. Likewise, the assay of plasma pepsinogen may prove valuable as an 


aid in the diagnosis of pernicious anemia. 


The significance of very high and very low plasma pepsinogen values 


among the apparently healthy population is discussed. The role of sueh values 


as indices of susceptibility to duodenal uleer and pernicious anemia is indi- 


eated., 
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Los ANGELES, CALIF. 


PECIATION in the genus Brucella is usually established by reference to 

relative rate of growth, carbon dioxide requirement, hydrolysis of urea, 
reduction of nitrate, production of sulfide, dve sensitivity, and specific agelutina- 
tion in absorbed antisera. No one, or combination, of these criteria is completely 
satisfactory for identification of field strains, however, because of the close 
similarity of the species. For example, most, but not all, strains of Br. suis 
grow more rapidly than do those of the other two species; some strains of Br. 
abortus do not require added carbon dioxide for growth; and a distinction be- 
tween Br. abortus and Br. suis cannot be made serologieally. These and other 
limitations have been discussed by several investigators.’** Nevertheless, and 
despite its recognized limitations, the dye sensitivity test remains one of the most 
practical aids for differentiating the species. It formerly had the disadvantage 
that stock solutions of the dyes were relatively unstable and that, as ordinaril) 
employed, several plates were required for the complete test. The test proposed 
by Cruickshank‘ largely obviates these difficulties but introduces some irregulari 
ties in the amount of dye present in different lots of impregnated paper strips. 
The test described below which employs dye-tablets rather than paper strips in 
an adaptation of the Cruickshank procedure offers the combined advantages ot 
simplicity and reproducibility. 


MATERIALS AND METHODS 


Media.—Albimi’s brucella broth, enriched with 0.0001 per cent each of nicotinamide and 
thiamin and solidified with 2 per cent agar, was employed for most of the experimental work 
For some of the later work, however, this medium was additionally enriched with 0.0004 pe 
cent hemin.5 

Test Strains of Brucellae—Twenty-one of the thirty test cultures were received fron 
and had been speciated by, reference laboratories. Two were recovered from human blo 
cultures by local laboratories and were speciated by us. Five were recovered from humat 
blood cultures by us; and two were derived, by animal passage, from mucoid brucella variants 
All cultures were plated and examined for purity before use, and all appeared to be colonial! 
and microscopically smooth. The dye sensitivity tests were made with heavy (approx. 10 
organisms per ml.) suspensions obtained from 48- to 72-hour slant cultures. Each experiment: 
plate was streaked with four parallel, straight-line inocula from a single suspension, usit 
one 4-mm. loopful for each line. Two illustrative plates are shown in Fig. 1.* 


From the Department of Bacteriology, University of California (Pickett, Nelson, ar 
Kisenstein) and the Department of Bacteriology, Cedars of Lebanon Hospital (Hoyt). I 
Nelson is now at the Department of Infectious Diseases, School of Medicine, University 
California, Los Angeles. 


Received for publication, March 24, 152. 
*We are grateful to Zane Price, medical photographer, for preparation of the phot 
graphs used in this figure. 
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Dyes.—These were National Aniline products, and the concentrations specified below 
are not corrected for impurities (the claimed dye contents were: thionin, 79 per cent; 
basic fuchsin, 96 per cent; crystal violet, 94 per cent; and pyronin Y, 25 per cent). 

For the Cruickshank paper strip procedure, solutions of the dyes in 50 per cent ethanol 
were first prepared at the recommended econcentrations.4 These concentrations were later 
changed, on the basis of exploratory experiments, to 1:S00  (weight:volume) thionin, 1:200 
fuchsin, 1:200 crystal violet, and 1:1,600 pyronin. Each set of papers was prepared by plac 
ing fifty 5 by 70 mm., strips (Whatman No. 1 filter paper) in a 20 by 150 mm. Pyrex tube, 
adding 2.5 ml. of dye solution, setting aside for twenty-four hours to permit uniform distri 
bution of the dye, steam sterilizing, and drying at 120° C. 

Tablets were prepared* such that the final concentrations were near those obtaining in 
the solutions above, namely, 1:S00 (weight:weight), 1:200, 1:400, and 1:S009 respectively. 


These were found not to require sterilization before use. 





Fig. 1.—Two dye-tablet differential plates. Left, Br. abortus; right, Br. suis. Top to bottom: 
thionin, fuchsin, crystal violet, pyronin. 


Finally, as a modification of the paper strip procedure, paper discs were also tested. 
hese required slightly different concentrations of the dyes, namely, 1:200 thionin, 1:100 
hsin, 1:100 erystal violet, and 1:2,000 pyronin. Dises of 8 mm, diameter were cut from 
romatographie paper (Schleicher and Schuell No. 470-A) which had been saturated with 
itions of the dyes and dried. The dises were steam sterilized and dried at 120° C, 

Incubation and Reading.—In most instances, and for best results, prepared plates were 
ld fourteen to sixteen hours at 4° C. to permit some diffusion of dyes into the medium prior 
growth of the organisms. The plates were then incubated forty-eight hours at 35° C. 
ler 10 per cent carbon dioxide. Dye sensitivity was recorded in terms of millimeter in 


ition (from margin of growth to edge of paper or tablet). 
RESULTS 


Results obtained from tests by the three methods are presented in Table I. 
ue technical difficulties were encountered in obtaining satisfactory and 
roducible plates in the paper strip tests. The procedure finally followed, con- 
ed of layering 10 ml. of medium in a plate, carefully depositing, in parallel, 


paper strips on this ‘‘cementing layer’’ of medium, and then layering a 


*Compounded by Boyle & Co., Los Angeles, the binder being a standard granulation con- 
ng of 88 parts dicalcium phosphate, 10 parts starch, 2 parts acacia, and a trace of cal- 
stearate. 
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second 10 ml. of medium over the strips. Upon adoption of this procedure, 
results indicative of the species** were obtained with three strains of Br. 
melitensis and seven strains of Br. suis. No concentrations of the dyes were 
found, however, which also gave satisfactory results with the seven strains of 
Br. abortus which were under test at this time. 

The dye-dises were, technically, more convenient than dye-strips, but re- 
tained the disadvantage that results were not readily reproducible, and the dye 
content appeared to vary in different preparations of the dises. 

Tablets have been shown to be convenient vehicles for antibiotic sensitivity 
tests,” * and we have found them to be equally well suited for testing dye sensi- 
tivity. The results obtained from tests with dye tablets are expressed qualita- 
tively in Table IT, in which a ‘‘dvye sensitivity’? of less than 4 mm, is recorded 
as ‘‘—’’, and 4 mm. or more as ‘‘+’’. Accordingly, of the twenty-one pretyped 
cultures examined, seventeen showed dye sensitivities compatihle with the species 
to which each had been assigned. Of the remaining four pretyped cultures, the 
following may be noted: (1) ‘‘Abortus 3c’’ was received from another labora- 
tory as an ‘‘avirulent Br. abortus’’ suitable for preparation of agglutinating 
antigens. In our hands, however, it gave urease and dye sensitivity tests which 
were characteristic of Br. swis, and it was distinetly virulent for guinea pigs. 
(2) ‘‘Abortus 3f°’, also received from another laboratory, was for us a non- 
typable brucella. It appeared microscopically to he smooth, and failed to ag- 
glutinate with acriflavine.’ Colonially, however, it showed some evidence of 
dissociation to mucoid and, serologically, it failed to agglutinate with high titer 
antibrucella serum. (3) ‘‘Melitensis 4a’’ and abortus 3a were received in 1945 
and both had been retained as lyophylized cultures since 1947. When examined 
during the course of these studies, the two gave identical sulfide production, 
nitrate reduction, CO,-independence, urease, und dye sensitivity tests; and both 
were agglutinated by absorbed antiabortus but not by absorbed antimelitensis 
serum. It appeared, therefore, that ‘‘melitensis 4a’’ was in reality a copy ot 


abortus 3a. (4) Finally, ‘‘melitensis 4h,’’ recently received from anothe 
laboratory, behaved, rather, like a relatively dye-fast Br. suis (the zones 01 
inhibition were: thionin, 0; fuchsin, 0; erystal violet, 6; and pyronin, 5 mm. 


Its urease and sulfide reactions and agglutination with absorbed antiabortus bu 
not with absorbed antimelitensis serum permitted no alternative conclusion. 


TABLE I. GROWTH INHIBITION OF SELECTED BRUCELLA STRAINS IN THE PRESENCE OF 
DYE-STRIPS, DYE-DISCS. AND DYE-TABLETS 


STRIP DISC TABLET 
TEST STRAIN MM. INHIBITION BY* 

T i V P T ry Vv P 1 F V P 
abortus 3a 22 5 0 (0) 18 0) 0 4 1] 2 3 o 
abortus 3i 0 0 0 0 14 0 0 = 1] l l 0) 
abortus 3h 0 0 0 0 1] 0 Q Ss 12 0 0 { 
melitensis 4d | 0 0 0 0) 4 () 0) | 2 0 0) ( 
melitensis 4¢ 0 ) 0) QO | 0 0 0 0 2 1 ] ( 
suis 3s-3 0 23 16 24 | 0 S 9 20 0 12 12 12 
suis 3s-4 0 25 14 22 | 2 7 8 16 ] 10 13 : 


*T, thionin; F, basic fuchsin; V, erystal violet; P, pyronin Y. 
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Of the seven strains of brucellae speciated by us, and which had been 
recovered from human blood cultures, five were readily typed by the dye-tablet 
procedure. Number V-1 was a typical CO.-dependent Br. abortus; No. 128 
was CO.-independent but gave the biochemical and serological (absorbed sera ) 
reactions of Br. abortus; No. 141 was slightly pyronin sensitive (7 mm. zone 
of inhibition) but, like No. 206, was biochemically and serologically a typical 
Br. melitensis; and No. V-2 was a typical Br. suis according to biochemical, 
as well as dye sensitivity, tests. 

Strains No. 2la and 2te were recovered from siblings in a family of five, 
all of whom had symptoms of chronic brucellosis. These two strains, like 
abortus 3f, were slightly mucoid serologically (i.e., stringy, rather than granular, 
agglutination). Neither agglutinated with low titer absorbed antisera nor with 
normal serum, but both agglutinated to partial titer with a high titer anti- 
brucella serum. No. 2le, but not 2la, gave a positive acriflavine test. Neither, 
like abortus 3f, gave a recognizable pattern in dye sensitivity tests though both, 
like several mucoid brucella variants whieh we have examined, were rather 
sensitive to fuchsin and erystal violet, but relatively insensitive to thionin and 
pyronin, 

Finally, the two derived strains of brucellae were readily typed as Br. suis 
by the dye-tablet procedure, and these results agreed with those obtained from 


TABLE II. SENSITIVITY TESTS ON STOCK AND FIELD STRAINS OF BRUCELLAE, 
DYE-TABLET PROCEDURE 


SENSITIVE TO: 


TEST STRAIN 7 F Vv P REMARKS 
abortus 3a t typical abortus 
abortus 3c typical suis* 
abortus 3d + typical abortus 
abortus 3f | + nontypable* 
abortus 3h + typical abortus 
abortus 3i + - - typical abortus 
abortus 3] t typical abortus 
abortus 8k t typical abortus 
abortus 3m { typical abortus 
melitensis 4a t - — _ typical abortus* 
melitensis 4b _ ~ typical melitensis 
melitensis 4c - typical melitensis 
melitensis 4d - typical melitensis 
melitensis 4h - - + + fuchsin-fast suis* 
suis 3s-] { typical suis 


suis 3s-! typical suis 
typical suis 
typical suis 
typical suis 


suis 3s-: 
suis 3s- 


suis 3s- 


Ole 


suis 3s-8 typical suis 

suis 3s-9 } typical suis 

blood culture V-1 . - - typical abortus 
blood culture V-2 typical suis 
blood culture 2la - + + _ nontypable* 
blood culture 21e } 4 ~ nontypable* 
blood eulture 128 t - typical abortus 
blood eulture 141 5 = a n pyronin-sensitive melitensis* 
blood eulture 206 = = = typical melitensis 
from mucoid 3ecSB } typical suis 

from mucoid 33M . typical suis 

*See comment in text. 
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biochemical tests. One of these strains, No. 3e, was derived by animal passage 
from a mucoid variant which had been maintained for nearly two years in our 
culture colleetion.!°. This mucoid variant, in turn, was originally derived in 
vitro from “abortus Be’ (see above). The other strain, No. 30, Was originally 
recovered as a mucoid brucella variant from a patient who had suffered inter- 
mittently for thirty vears with chronic brucellosis, following an initial attack 
of acute brucellosis. This mucoid strain had been maintained in our collection 
approximately one vear prior to its animal passage and conversion to a smooth 
brueella. 


DISCUSSION 


Use of dicaletum phosphate tablets containing the dyes which characterize 
species in the genus Brucella is a convenient and quite satisfactory method for 
tvping these organisms. Our data indieated, in agreement with those of Cruick- 
shank, that all of the dves—not just thionin and fuchsin—should be ineluded 
in the dye sensitivity test. Irregularities in the sensitivity patterns occurred 
in only two instances among the 27 completely smooth brueellae which were 
examined by this procedure. With these two strains, satisfactory speciation 
was obtained by reference to serological and biochemical tests. Several points 
may be noted regarding the latter, though we, of course, did not examine a 
sufficient number of strains to permit the drawing of definite conelusions. Of 
the several biochemical tests emploved, hydrolysis of urea was found to be 
particularly helpful. Under our experimental conditions (essentially the 
medium of Rustigian and Stuart,’! tubed in one ml. amounts, and inoculated 
with approximately 10 million bacteria), all of twelve strains of Br. sws gave 
positive tests within 15 minutes, whereas no strain of Br. abortus or Br. 
melitensis gave a positive test in less than 55 minutes. These results are in com 
plete agreement with those of Pacheco and Thiago de Mello,'? who also found 
that strains of Br. suis gave much more rapid urease tests than did those ot 
the other two species. Further, the urease test appears also to serve as a rathe: 
sensitive indicator for nonsmooth brueella variants in that these give eithe) 
delayed or negative, tests. 

In our hands nitrate reduction also served as a useful guide for speciation 
since all five strains of Br. melitensis gave either negative or very weakly pos 
tive tests for nitrite, while all of twenty-two strains of Br. abortus and Br. su 
gave either moderately or stronely positive tests. The latter species differe: 
however, in that aged (ten days’ ineubation) nitrate broth cultures of Br. su 
frequently gave negative tests for nitrite. It is interesting to note that thes 
results, and even more clearly those of Zobell and Meyer,'® suggest the hypothes 
that, as a readily available souree of oxygen, Br. suis is capable of using bo 
nitrates and nitrites, Br. abortus, only nitrates, and Br. melitensis, neither. 

Finally, in respect to biochemical tests, we, like Brim and _ associates 
failed to find sulfide production of appreciable help toward speciating the 
organisms. Several strains of Br. abortus, and one strain of Br. melitensis, li 
all strains of Br. swis examined, gave positive sulfide tests through five da 
of ineubation. In a somewhat similar sense, CO.-independenee had but limit 
significance, since only four of our ten strains of Br. abortus were CO,-depende! 
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SUMMARY 


A differential dve sensitivity test is described which permitted satisfactory 
speciation of twenty-five strains of smooth brueellae. Two slightly irregular 
strains were speciated by reference to their biochemical and serologieal reactions. 
Three strains could not be typed, but all were found to be nonsmooth. 
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MODIFIED GLOBIN 


Ill. DETERMINATION OF MopIFIED HuMAN GLOBIN IN BLOoop SERUM 
AND IN URINE 


ALBERT B. Sampue, M.S., Max M. Struma, M.D., ANd Virrorio Satta, Px.D. 
BRYN Mawr, Pa. 


THER publications’ from this laboratory have given information on the 
preparation, the nature of the modification, and some of the clinical uses 

of modified globin prepared from human erythrocytes. This paper presents 
methods for the determination of modified human globin in blood serum and 
in urine. 

Originally the modified human globin concentration in blood serum was 
determined turbidimetrically after precipitation with commercial Bacto Tryp- 
tone and in urine after precipitation with sulfosalieylic acid. These proce- 
dures, although they were not extensively investigated, were discontinued, and 
a more promising method devised by Kendall and Abell® was adopted. In this 
method, modified globin is selectively precipitated by trichloracetie acid but- 
fered at pH 4.7 with sodium citrate, and the quantity of nitrogen in the precipi- 
tate, as determined by the Kjeldahl method, serves as a measure of modified 
globin. 

We found the Kendall-Abell method quite reliable; however, in order to 
simplify and shorten it, and to eliminate the possibility of losing precipitate in 
the necessary transfers from one container to another, we modified the method 
so that it is possible to carry out the entire procedure in a colorimeter tube, 
without transfers, and to determine the amount ot precipitated modified globin 
by measuring the turbidity in a photoelectric colorimeter. 

Since these methods have not appeared in the generally available litera 
ture, they will be presented in detail here. 


METHOD 


Principle.—A solution of trichloracetic acid buffered at pH 4.7 with sodium citrate s 
lectively precipitates modified globin from diluted blood serum or urine, and the precipitat 
Which is proportional to the amount of modified globin present, may be measured turbid 
metrically or by analyzing it for nitrogen by the Kjeldahl or other suitable method. 

Equipment.—Klett-Summerson or other suitable photoelectric colorimeter, with standar 
ized test tubes and a filter that has a maximum transmission at 420 millimicrons. 

Reagents.—Kendall-Abell Reagent: Dissolve 81.7 Gm. of trichloracetie acid and 1 
Gm. of tribasic sodium citrate dihydrate in distilled water and dilute to volume in a one-lit 
volumetric flask. 
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Bryn Mawr Hospital. 
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Sodium chloride, 0.9 per cent w/v 

Sodium hydroxide, 0.1000N 

Hydrochloric acid, 0.1000N 

Trichloracetie acid, 10 per cent w/v 

Gum ghatti: Tie 3 Gm, of gum ghatti tears in a double gauze bag and place in 100 ml. 
of water to stand overnight. After the standing period, remove the gauze bag, squeeze it 
gently, and discard. If the solution contains solid material, filter it through a plug of cotton. 
The solution should be refiltered if a precipitate appears on standing. 

Stock globin standard: <A bottle from a production lot which contains a 4 per cent 
(approximately) sterile solution of modified human globin. This solution must be an- 
alyzed for nitrogen by the Kjeldahl method to determine the exact amount of globin present. 
When corrected for moisture, ash, anion, and cation, the nitrogen content of modified human 
globin is 16.68 per cent. A steri/e standard solution of modified globin is stable for at least 
two years at room temperature. 

Dilute globin standard, 1 mg. per milliliter: Dilute the stock globin standard with 0.9 
per cent w/v sodium chloride to make a solution containing exactly 1 mg. of modified globin 
per milliliter. This solution should be stable for about one week if stored at 4° C, 

Dilute globin standard, 5 mg. per milliliter: Dilute the stock globin standard with 0.9 


per cent w/v sodium chloride to make a solution containing exactly 5 mg. of modified globin 

per milliliter. This solution should be stable for about a week if stored at 4° C. 
Procedure.—Nitrogen method for blood serum: Into individual 15 by 125 mm, test 

tubes for each sample introduce the following materials in the order given, left to right, mix 


ing by lateral shaking after each addition: 


TABLE I 


5 MG./ML. 


DILUTE 0.9% W/V 
SERUM“ STANDARD Nacl REAGENT 
(ML. ) (ML. ) } (ML. ) (ML. ) 
Standard 1 05 1 ] 2.0 
Standard 2 0.5 2 2.5 
Unknowns 0.5 ] ] 20 


*The serum for both standards should be collected from the patient whose blood is to 
analyzed for globin before globin is infused or 24 hours after infusion. 


Let tubes stand at room temperature for one hour. 

Centrifuge tubes for 1.5 hours at 4,000 r.p.m. 

Carefully decant and discard the supernatant solution so that none of the sediment 
lost. 

Add 1 ml. of 0.1N sodium hydroxide to each tube and snake to dissolve the sediment. 

Reprecipitate the globin by adding 1 ml. of 0.1N hydrochlorie acid and 2 ml. of the 
ndall-Abell reagent. 

Centrifuge the tubes for thirty minutes at 4,000 r.p.m. 


Carefully decant and discard the supernatant solution so that none of the sediment is 


Dissolve the sediment in 5 ml. of 0.1N sodium hydroxide, and analyze it for nitrogen 
the Kjeldahl or other suitable method. 

The amount of globin in unknowns, after subtracting the amount added, is propor- 
al to the amount in the standards. 

Nitrogen method for urine: Adjust the pH of urine specimens to 4.7 with the aid of 
H meter or bromeresol green indicator, and filter through Whatman No. 1 paper. 

In a 15 by 125 mm. test tube mix 5 ml. of the filtered urine with 5 ml. of the Kendall- 
ll reagent, and let the tube stand at room temperature for thirty minutes, 
Centrifuge the tubes for one hour at 4,000 r.p.m. 
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Carefully decant and discard the supernatant solution so that none of the sediment 
is lost. 

Dissolve the sediment in 4 ml. of 0.1N sodium hydroxide, and add 4 ml. of 10 per cent 
trichloracetic acid to reprecipitate the globin. 

Centrifuge the tube for thirty minutes at 4,000 r.p.m. 

Carefully decant and discard the supernatant solution so that none of the sediment is 
lost. 

Dissolve the sediment in 5 ml. of 0.1N sodium hydroxide, and analyze it for nitrogen 
by the Kjeldahl or other suitable method. 


Calculation: 
mg. nitrogen x 7.5 mg. globin/S ml. urine. 


Turbidimetric method for blood serum: Into individual Klett tubes for each sample in 
troduce the following materials in the order given, left to right, and mix by lateral shaking 


after each addition: 


TABLE II 


1 MG./ML. 
0.9% W/V DILUTE 
SERUM Nacl STANDARD REAGENT 
(ML. ) (ML. ) (ML. ) (ML. 
Blank 0.5 Lb 5 
Standard 1 0.5 3.5 l 5 
Standard 2 0.5 20 2 5 
Standard 3 0.5 1.5 3 5 
Standard 4 0.5 0.5 4 5 
Unknowns 0.5 4.5 5 


*Serum for blanks and standard should be collected from the patient whose blood is to 
be analyzed for globin before globin is infused or twenty-four or more hours after infusion. 


Mix tubes twice by inversion after addition of the reagent. 

Allow tubes to stand for two hours at room temperature. 

Mixing each tube twice by inversion immediately before reading, read in the colorimeter 
which has been set to zero with distilled water, using a filter that has a maximum trans 
mission at 420 millimicrons. 

Subtract the blank reading from standard readings, and plot the resulting figures against 
standard concentrations on linear graph paper. A straight line which does not pass through 
zero should be obtained. 

Unknown readings, after the blank reading has been subtracted, are used in reading 
globin concentrations from the standard curve. 

Turbidimetric method for urine: Into individual Klett tubes for each sample intr: 
duce the following materials in the order given, left to right, and mix by lateral shakin; 


after each addition: 


TABLE III 








1 MG./ML. 
0.9% W/V DILUTE GUM KENDALI 

URINE* Nacl | STANDARD GHATTI REAGENT 

(ML. ) ( MLI.. ) (ML, ) (ML, ) (ML. ) 
Blank 1 2 9 2 
Standard 1 2 3 | re 5 
Sandard 2 2 2 2 2 5 
Standard 3 “a | 3 2 5 
Blank 2 2 9 2 
Unknowns 2 4 2 5 





*Urine for blank 1 and standards should be collected from each patient before adm 
istration of globin, when post-infusion urine is to be analyzed for modified globin. Use 1 
known urine for blank 2. 
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Mix twice by inversion after addition of the reagent. 

Allow to stand for two hours at room temperature. 

Mixing each tube twice by inversion immediately before reading, read in the 
colorimeter, set to zero with distilled water and using a filter that has a maximum trans- 
mission at 420 millimicrons, 

Subtract the blank 1 reading from standard readings, and plot the resulting figures 
against standard concentrations on linear graph paper, A straight line, which does not 
pass through zero, should be obtained. 

Unknown readings, after the blank 2 reading has been subtracted, are used in read- 


ing globin concentrations from the standard curve. 


A COMPARISON OF FHE TURBIDIMETRIC METHOD AND 
KENDALL'S METHOD OF 
GLOBIN CONCENTRATION GLOBIN ESTIMATION IN THE SERUM 
IN SERUM mg/ml 
7 






@ KENDALL METHOD 
© TURBIDIMETRIC MODIFICATION 


O 2 4 6 8 10 12 14 16 18 20 22 24 


HOURS AFTER ADMINISTRATION OF 369M OF GLOBIN 
INTRAVENOUSLY AS A 4% SOL. 


Pig. I. 


DISCUSSION 

It appears that modified globin disappears from the blood serum within 
enty-four hours after the last injection, so serum collected before or twenty- 
ir hours after the last infusion of modified globin is suitable for use in blanks 
d standards, 

The nitrogen method for determining modified globin in blood serum is 

sufficiently sensitive to analyze serum containing less than one per cent 
v of modified globin, so this explains the addition of a known amount of 
lified globin to unknowns. 

The factor 7.5 was obtained by analyzing a number of different urines con- 
ling known amounts of modified globin. This factor should be determined 
each new lot of modified globin. 
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It was found unnecessary to add the Kendall-Abell reagent to urine blanks, 
since blank readings are largely dependent on the amount of color in the urine, 
This also explains why separate blanks are necessary for unknowns ane 
standards. Any globin-free urine may be used for blank 1 and standards. 

In the modified method, it was not found necessary to adjust the pH of 
urine to 4.7. 

It is advisable to do the determinations (blanks, standards, and unknowns) 
in duplicate and to take the averages of data obtained. 

Kig. 1 shows the correlation of results obtained with the N method (Kendall- 
Abell) and the turbidimetrie method of estimation of globin in serum, 


SUMMARY 


Methods for the determination of modified human globin in blood serum 
and in urine are presented. 
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LV. SoME OF THE PHYSIOLOGICAL PROPERTIES OF MopIFIED IlUMAN GLOBIN 


Max M. Strumw, M.D., JoHn J. McGraw, Jr., M.D., AND 
ALBERT B. SAMPLE, M.S., BRYN Mawr, Pa. 


INTRODUCTION 


REVIOUS papers from this laboratory have outlined the preparation of 

modified globin,’ the method of determination in the blood and urine,’ and 
some of the elinieal applications.*° 

The present paper deals with some of the physiological properties of modi- 
fied globin. Particular emphasis is placed upon its effect on plasma volume and 
plasma viscosity, the retention of globin in the blood stream, and its excretion 
in the urine. 

MATERIALS AND METHODS 


The bulk of the modified globin used in this study was prepared and furnished by Sharp 
and Dohme, Inc., of West Point, Pa. Some of the material used in earlier experiments was 
prepared by Smith, Kline & French Laboratories of Philadelphia, Pa. Most of the globin 
was used as a 4 per cent concentration in a 5 per cent solution of glucose. Globin solutions 
for intravenous use must be made isotonic with glucose or sodium chloride.* 

Plasma volumes were determined by the method of Gibson and Evelyn® using T-1824 
Evans Blue dye). In some instances when there was no reason to believe that there were 
ny variations in the red cell mass, changes in plasma volume, for periods up to twenty-four 
ours subsequent to the original measurements, were determined by calculation of the hemato 
rit using the high speed centrifuge-capillary tube method? with a correction of —6.8 per cent. 

The variations of the plasma volume based on the original determination of the plasma 
Jume by the dye method and repeated determinations of the hematocrit before and after 


jections of various solutions were obtained with the use of the formula: 


dv x het 
nhet 


PV 


ere PV is the unknown plasma volume; dv is the original plasma volume determined by the 
e method; het is the corrected hematocrit obtained at the time of the original plasma vol 


e determination and nhet is the new hematocrit value. 


This work was carried out in the Laboratory of Clinical Pathology and the John S. Sharpe 
search Foundation of the Bryn Mawr Hospital over a period of years with the help and 
peration of Dr. Joseph Harrison, Dr. Alton D. Blake, Jr., Dr. Maurice R. Nance, Dr. 
irles Catanzaro, and Dr. Vittorio Satta, with the technical aid of Margaret Dolan, M.T., and 
lise S. Colwell, M.T. 
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vr Hospital. The work described here was aided by a grant from the John S. Sharpe 
earch Foundation and was, in part, carried out under a contract recommended by the 
mittee on Medical Research between the Office of Scientific Research and Development 
the Bryn Mawr Hospital. 

Received for publication, April 10, 1952. 

*Most units of modified globin, as prepared at present by Sharp and Dohme Laboratories, 
tain approximately 7.0 Gm. of NaCl for each 100 Gm. of dry substance. <A 4 per cent iso- 

solution of this globin therefore could, strictly speaking, be obtained by dissolving the 
tent of a standard unit (containing 16 Gm. of globin + 1.2 Gm. of NaCl) in 400 ml. of 3.2 
cent glucose or 400 ml. of 0.6 per cent NaCl. Practically, however, in most clinical condi- 
Ss, either 5 per cent dextrose or 0.85 per cent NaCl are used to dissolve globin. 
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It is recognized that this method is subject to considerable variations; therefore the 
values were generally checked at proper intervals by determinations of plasma volume by the 
dye method, 

The oneotic value of globin was estimated by dividing the measured increase in 
plasma volume by the grams of globin injected. 

Modified Ostwald viscosity tubes, described by Cannon and Fenske,’ were used to measure 
the plasma viscosity. 

RESULTS 

Variations in Plasma Volume Following Injections of Globin.—All of the 
plasma volume experiments described below were conducted in a similar man- 
ner, except for variations in the general physical condition of some of the re- 
eipients and the volumes of material injected. 
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Fig. 1.—W. Y., man, aged 64 years H. 185 ecm.; W. 75 kg.; expected normal plasma volum: 
3,498 c.c. 


All of the results could have been expressed in terms of plasma volume 
increase, but in order to illustrate different aspects of the problem with maxi 
mum ¢larity the results of some experiments have been charted as percentag 
increase in the recipient’s plasma volume, oncotie value of globin, ete. 

One experiment illustrates the effect on the plasma volume of equal qua) 
tities of 0.85 per cent solution of sodium chloride compared with 4.1 per ce) 
globin. Two convalescing patients were tested. The results may be seen i 





Figs. 1 and 2. Briefly, the infusion of 900 ml. of salt solution in one patie! 





resulted in an elevation of the plasma volume of 431 ml. at the end of tl 





ninety-minute period required for the injection. The globin solution shows 
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complete retention for six hours with a gradual return to normal. In the see- 
ond patient the plasma volume was not measured until four hours after the 
injection of salt solution. The elevation of plasma volume at that time was 
negligible, but this patient showed maximum rise four hours after globin trans- 
fusion, returning to normal in twenty-four hours. 

The two cases illustrated in Figs. 1 and 2 demonstrate maximal effects 
from infusions of globin. Such results are not always obtained, but a signifi- 
cant increase of plasma volume may be expected consistently. This is illus- 
trated by studies done on a series of eight convalescing patients, all of whom 
were hypoproteinemic. They were given 4 per cent globin in sufficient volume 


to produce, if entirely retained, a 25 per cent increase in their plasma volume. 
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Fig. 2.—A. S., man, aged 66 years. H. 152 ecm.; W. 45 kKg.; expected normal plasma volume 
2,805 c.c. 


OBSERVED INCREASE IN PLASMA VOLUME FROM INJECTION oF { 


"he results are seen in Fig. 3. Three of the plasma volumes increased from 11 
0 14 per cent, two increased 18 per cent, and three, 27 per cent. Thus, the 
lasma volume increases varied between 50 and 100 per cent of the maximal 
‘xpected. 

Expressed in another way, the experiments described above are a measure 
if the oncotie value of globin. They show that 4 Gm. of globin in 100 ml. of 
olution produce increases of plasma volume of approximately 50 to 100 ml. 
‘hus, each gram of globin must hold from 12.5 to 25 ml. of water in the vas- 


ular system, under the experimental conditions. 
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In order to compare globin with plasma, another group of experiments 
was carried out with the cooperation of a single recipient, whose hemodynamics 
were essentially normal, After the plasma volume had been measured he re- 
ceived four infusions of 400 to 1,200 ml. of 4 per cent globin on four different 
days, with an interval of at least one day. Variations in his plasma volume 


were caleulated from hematocrit studies at 0, 1, 2, 3, 4, and 5 hours. On two 
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Fig. 3.—Effect of intravenous injection of globin on plasma volume hypoproteinemic patients. 


TABLE I. INCREASE IN PLASMA VOLUME IN A SINGLE RECIPIENT WITH ESSENTIALLY NORMAI 
HEMODYNAMICS 


ML. INCREASE OF PLASMA VOLUME AFTER INFUSION 


0 HOURS 2 HOURS” | 4-5 HOURS 
400 ml. 4% globin 390 — 205 205 
800 ml. 4% globin 650 235 250 
800 ml. 4% globin 410 387 421 
1,200 ml. 4% globin 330 180 310 
1,800 ml. plasma 637 347 364 
1,000 ml. plasma 567 524 496 
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other days he received 800 and 1,000 ml. of plasma, respectively. Each had a 
total protein concentration of 6.5 Gm. per 100 ml. The changes in plasma 
volume are seen in Table I. 

Here it is apparent that the volume of retained globin solution varies de- 
pending upon the time elapsed and the quantity given. The same is true of 
plasma. Immediately aiter the infusions of globin and at two and at four 
hours, an average of 64 per cent, 36 per cent, and 40 per cent, respectively, of 
the globin was retained. These figures give oncotie values for 1 Gm. of globin 
at these three times of 16,9, and 10 ml. of water, respectively. 
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Fig. 4.—Effect of volume of transfusion on per cent retention. 


With the use of plasma, the average gain in plasma volume immediately 
‘ter the transfusions and two and four hours after, expressed in per cent of 
e injected material, was 68 per cent, 47 per cent, and 47 per cent. These 
sures give oncotie values for a gram of ‘‘plasma protein’’ of 10.7, 7.1, and 
| ml. of water, respectively. 
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The figures for oncotie values for globin and plasma proteins in this par- 
ticular subject are less than those generally attributed to these substances. It 
must be noted that these observations were made in individuals with an es- 
sentially normal blood volume, and illustrate how difficult it is to determine 
such values with any degree of accuracy. Any biological experiment is sub- 
ject to errors from uncontrollable and sometimes unrecognized variables. The 
volume of material injected, for example, seems to bear a definite relationship 
to the volume retained. A smaller volume shows a higher proportional reten- 
tion. within certain limits, than does a large amount. The state of the re- 


cipient’s plasma volume also undoubtedly influences the amount of material 





retained. If the original blood volume is smaller than normal, it is reasonable 


to assume that a larger proportion of any infusion will be retained. 
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HOURS AFTER ADMINISTRATION OF 36 gm OF GLOBIN 
INTRAVENOUSLY AS A 4% SOL. 


Fig. 5.—Rate of disappearance of globin from the circulation. 
Kig. 4 illustrates how, in a single individual, a larger proportion of a 400 
ml. infusion is retained than of an 800 ml, infusion. In this individual, the 
initial measured blood volume deficit, from the expected normal, was 700 ml 
Disappearance of Globin from Circulation.—Numerous observations hav 
been made on the disappearance of transfused globin from circulation. Fou 


typical records are presented graphically in Fig. 5. Generally not more thai 





60 per cent of the injected globin has been detected in the circulating plasm: 





even when the examination has been carried out immediately after transfusio! 





and when the plasma volume increase closely corresponds to the volume of 1 





jected globin solution. The average amount of globin present one hour afte 
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completion of the transfusion is approximately 50 per cent of the total injected. 
As a rule no globin, or only a trace, remains in circulation after twenty-four 
hours, even when the increase in the circulating plasma volume persists longer 

The above observations were made on individuals who had received 36 Gm. 
of globin as a 4 per cent solution. The 900 ml. volume was administered in ap- 
proximately two hours. 

When a smaller amount of globin is given, a larger proportion of the ma- 
terial is retained in the plasma. Fig. 6 represents the proportions of globin re- 
tained in an individual who received 4.75 Gm. of globin in 50 ml. of saline in 
one and one-half minutes; and in another who received 36 Gm. in 900 ml. in 
one hundred twenty minutes. The small quantity of rapidly administered ma- 
terial was SO per cent retained; the larger, more slowly administered material, 


was only 50 per cent retained immediately after the termination of the infusion. 
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Fig. 6.—Effect of quantity of globin injected on the per cent retention in the blood stream. 


TABLE II. DISPROPORTION BETWEEN THE AMOUNT OF GLOBIN RETAINED IN CIRCULATION AND 
THE INCREASE IN THE PLASMA VOLUME 


| VOLUME CHANGI 


| TOTAL ACCOUNTED FOR 
PLASMA ; TOTAL GLOBIN CHANGE IN | BY RETAINED 
VOLUME IN PLASMA ; PLASMA VOLUME | GLOBIN” 
Pretransfusion 2105 
Immediately after 2515 6.6 +410 +185 
transfusion 
1 hour 2493 52 +388 +130 
2 hours 2493 3.6 +388 + 90 
3 hours 2385 3.8 +280 + 92 
) hours 2526 aaa +42] + 8] 
22 hours S313 0 +207 0 
Total twenty-four-hour globin loss in the urines: 3.43 Gm. 


*On the basis of an optimal iso-oncotic value of 4 per cent. 
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» 


III. Loss or GLoBIN IN THE URINE IN TWELVE PATIENTS RECEIVING DAILY 32 
GM. OF GLOBIN INTRAVENOUSLY AS A 4+ PER CENT SOLUTION 


TABLE TO 44 


PER CENT OF INJECTED GLOBIN 


TOTAL GLOBIN IN URINE LOST IN THE URINES 
Average 2.63 Gm./24 hours 6.9 
Maximum 4.0 Gm./24 hours 10.0 
Minimum 0.52 Gm./24 hours 1.2 


CONCENTRATION OF 
GLOBIN SOL. IN PLASMA 
V/V 
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Fig. 7.—Effect of addition of globin solution (3.94 per cent) to plasma (6.1 per cent protein) 
on the viscosity. 

A disproportion between the amount of globin retained and the increase in 
the plasma volume has been noted in practically every case. A typical example 
follows: 

A 52-year-old man received 32 Gm. of globin as a 4 per cent solution over 
a period of about two hours. Immediately after transfusion, and at intervals 01 
time, thereafter, determinations of the globin present in the serum and changes 
in the plasma volume were made. Results are shown in Table II. 








Excretion of Globin in the Urine—In all the observations carried out, 
elobin loss in the urine has been small. 
to 44 Gm. of globin as a 4 per cent solution intravenously, the loss of globin 
in the urine is shown in Table III. 
longer do not necessarily eliminate more globin in the urine. 
administration of very large doses of globin, the loss in the urine remains rela- 


tively small. 


(im. of globin over a period of eight hours. 


amounts of plasma. 


In the twenty-four hours following the transfusion the pa- 
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In twelve patients receiving from 


32 


-atients retaining globin in the serum 
Even with rapid 


A patient suffering from very extensive body burns received 160 
In addition she received large 


tient had a urinary output of 1,220 ml. containing 17.8 Gm. of globin (11.1 


per cent of the amount injected). 


no globin appeared. 


TABLE IV. EFFECT OF 
TOTAL 
| SERUM |PLASMA 
| PROTEIN |PROTEIN 
PLASMA] (GM. (GM. 
DATE |VOLUME %) %) 
Feb. 7 ay 
16 2269* 5.4 122 
17 
18 
19 
2) 
21 
99 6.1 153 


22 2518 


*Expected normal, 2490 ml. 
Kidney damage, with proteinuria, in the 


ephritis does not necessarily increase the rate 
)-year-old white woman, suffering from recurring glomerulonephritis, with 


TRANSFUSION 


BODY 
WEIGHT 
(KG, ) 


68.1 


64.5 


In the urine of the next twenty-four hours, 


GLOBIN. ELIMI 


NATED IN THE 
URINE IN 24 
HOURS 

GLOBIN | GJ OF 
TRANS- GLOBIN 
FUSED | TOTAL | ADMIN- 
(GM. ) GM. ISTERED 
50 2.7 5.4 
50 1.0 8.0 
50 3.6 Lad 
50 4.1 8.1 
50 1.8 4.5 
Average 3.2 6.6 


OF GLOBIN AS A 4 PER CENT SOLUTION IN 
SUFFERING FROM CHRONIC GLOMERULONEPHRITIS WITH 


URINE 
24 
HOURS 
(ML. ) 


600 
1950 
1000 

790 
1425 

900 


1213 


EXTENSIVE EDEMAS 


TOTAL 
N 


INTAKE 


9.6 
10.9 
6 


“as 


16.3 
1 
13: 
] 


SIw ol 


14.2 


A WOMAN 


TOTAI 
URI 
NARY N 
OUTPUT 
(GM. ) 


ae 
10. 
9g 


of globin loss in the urine. 


W WD Ub 


100 =] 


course of chronie glomerulo- 


A 


vpoproteinemia and generalized edema, received for each of five days 50 Gm. 


‘globin as a 4 per cent solution intravenously. 
id urinary losses and other pertinent data are contained in Table IV. 
tient had a concentration of globin in the serum of 8.8 mg. per milliliter im- 
‘diately after the first transfusion of 50 Gm., representing 40 per cent of the 


jected material. 


e lost 2.7 Gm., or 5.4 per cent of the injected globin in the urine 


Within seventeen hours no globin was present in the 


nty-four hours, while passing an average of 10 Gm. of albumin 


is patient appeared to have retained the bulk of the globin injected. 


The data on globin intake 


This 


serum. 
within 
a day. 
She 


da weight loss of 2.7 kg., no evidence of urea retention, nor increase in the 


nary N output for several days after discontinuance of globin. 


Viscosity Studies—Globin has a viscosity considerably less than that of 
When in vitro mixtures of globin and plasma are studied, the vis- 


sma, 
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cositvy diminishes with increasing elobin coneentrations (Fig. 7). However, 
when globin is injected in a patient and the viscosity of samples of plasma is 
tested, the viscosity is found to increase rather than decrease with the higher 


elobin concentrations. This observation requires further study. 


DISCUSSION 


Ideally a plasma substitute, or extender, should, when injected in adequate 
amounts, completely eorrect existing deficits in blood volume, and the excess 
should fairly promptly diffuse out of the vascular spaces. The rapidity of such 
diffusion is subject to many variables, but excessive retention in cireulation 
would cause hypervolemia and undesirable circulatory overload. Equally un 
desirable is a material which is lost in excessive amounts in the urine, such as 
gelatin, or which is retained in tissues as a foreign material, such as gum 
acacia, pectin, and, in part at least, polyvinyl pyrrolidone. A plasma substi 
tute should not act as an antigen and, ideally, should be metabolized. Modified 
human globin appears to fulfill well the requirements stated above. 

Previous reports'” have dealt with the antigenie properties of globin, the 
utilization as a source of nitrogen, and the diuretic effect. 

The experimental data given in this paper deal especially with the varia 
tions of the plasma volume, the rate of disappearance of injected globin from 
the circulation, and the amount lost in the urine. The amount of water held 
in circulation by injected macrocolloidal solutions and the duration of hemo 
dilution vary considerably according to the nature of the material injected and 
the state of the recipient. 

On the basis of maximal retention (igs. 1 and 2), globin appears to hb 
iso-oncotie in approximately 4+ per cent solution. When globin is injected in 
patients with a known diminished plasma volume due to an acute loss, sueh as 
hemorrhage or burns, and in quantities not exceeding the patient’s deficit, the 
hemodilution is generally close to the expected. However, in subjeets with : 
normal volume of plasma, the measured maximal increase in the volume fol 
lowing the transfusion is generally much less than expected. The loss is ai 
fected by many variables, such as the speed of injection, the state of extra 
vaseular fluids, the cardiac condition, and, of course, the nature as well as th: 
volume of the fluid injected. These unpredictable variables are refleeted i 
the variations of hemodilution shown in Fig. 3. In this experiment the amouw 
of globin injected in the eight patients was calculated to produce a 25 per ce} 
increase in the plasma volume; actually the increases measured between | 
and 271, per cent. The same figure shows that the hemodilution in the hyp 
proteinemie patients with a diminished volume of circulating plasma may 1: 
more than twenty-four hours. In a normal patient the blood volume is gen 
ally back to normal within twenty-four hours. 

The amount of globin solution injected has a great deal to do with 1 
proportion retained, an effect which can be readily expected. Fig. 4 shows 1 
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hemodilution obtained in the same subject from the administration of 400 and 
800 ml, of 4 per cent globin, expressed in per cent retention of the injected 
material. 

When the data of hemodilution obtained with normal human plasma are 
compared with those obtained with a 4 per cent globin solution under similar 
conditions, it is apparent that hemodilution from plasma is similar but appears 
generally to last for a somewhat longer period of time. 

In analyzing data on the rate of disappearance of globin from the eir- 
culating blood and, the variations in the blood volume of normal patients, it 





appears that ordinarily no more than 60 per cent of the injected globin is 
present in the plasma even when the sample is taken immediately after the 
transfusion. This is also true even when measurements of plasma volume indi- 
cate retention of the entire volume of the infusion. This is taken to indicate 
a rapid exchange between the globin in the circulating plasma and the plasma 
proteins of the extravascular spaces. It is only when small amounts of globin 
are injected rapidly that a major portion of the material can be identified in 


the plasma in higher concentration for a period of at least a few hours. 
SUMMARY 


1. Solutions of approximately 4 per cent globin in 5 per cent dextrose or 
0.85 per cent sodium chloride produce increases in plasma volume equivalent 
to 50 to 100 per cent of the volume of the injected material. 

2. The increase of plasma volume in a recipient is influenced by the nor- 
maley of his own plasma volume and the volume infused. When the plasma 
volume is near normal a smaller infusion shows a larger proportional retention 
than a larger infusion. 

3. The ‘‘oncotie value’’ or the amount of water held in the cireulation by 
| Gm. of globin appears to be between 12 and 25 ml. The determination in any 
me individual is influenced by his plasma volume and probably by many other 
actors. 

4. The concentration of globin in a recipient’s plasma is always less than 
vould be expected if all of the material remained in the plasma in an unaltered 
orm, Immediately after an infusion of 1,000 ml. of 4 per cent globin over a 
eriod of one to two hours, the plasma levels show generally only 50 to 60 per 

nt of the material injected. If asmaller amount of globin is injected rapidly, 
ie plasma levels indieate that 80 per cent is present in the circulation. 

». Blood levels of globin drop in a curvilinear fashion over a period of six 
» twenty-four hours. 

6. From 1.2 to 11.1 per cent of injected globin may appear in the urine 
ithin twenty-four hours. 

7. The viscosity of 4 per cent globin is less than plasma. The viscosity 
“in vitro mixtures of 4 per cent globin and plasma is less than the viscosity 
“plasma alone. Preliminary observations indicate that these findings are re- 
‘sed in vivo, so that the plasma of a patient receiving globin has a slightly 

gher viscosity. 
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BRONCHOSPTIROMETRY 
IIT. CoMpLicatTions, CONTRAINDICATIONS, TECHNIQUE, AND INTERPRETATION 


Epwarp A. GAENSLER, M.D., anp T. RicHArRD Watson, JR., M.D. 
Boston, Mass. 


ECAUSE the bronchospirometrie technique has undergone a number of 
modifications in an effort to avoid complications, it is perhaps appropriate 
to follow an unusual order of presentation by first discussing these complications. 


COMPLICATIONS 


Material for Analysis —One thousand brochospirometrie examinations have 
been performed at our laboratories during the past four years. This entire 
experience could not be used to determine the incidence of each complication. 
The procedure was performed under topical anesthesia on 860 occasions, and 
this number is available for analysis of reactions to these locally applied agents. 
To determine the effect of the procedure on the subsequent status of pulmonary 
tuberculosis, a definite follow-up period was required. Collapse or resection was 
performed less than one week after bronchospirometry in 290 patients; the 
postoperative course could not be obtained in ten patients who were not seen 
again, and 140 of the remaining group did not have tuberculosis. The sub- 
sequent status of pulmonary tuberculosis could be examined in the remaining 
120 patients. 

Reactions to Local Anesthetic Agents—The entire gamut of local anesthetic 
substances has been used at some time to facilitate introduction of the double- 
lumen catheter. Two per cent tetracaine with or without epinephrine appears 


to have been the most widely used agent.’ Larocaine,® 7 Nupereaine,* and 
locaine® have been used alone and in various combinations with cocaine.'°-'* 


Cur initial studies were made using Forrestier’s solution, a preparation of 
cocaine, phenol, and epinephrine in a cherry laurel water base, as recommended 
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BRONCHOSPIROMETRY 


by Wright and Michelson.’ This solution provided reliable and long-lasting 
anesthesia, and no untoward reactions were encountered (Table I). Its routine 
use was abandoned because the greatly prolonged anesthetic action was felt to 
have a deleterious effect on the disease in patients with profuse secretions and 
in patients with pulmonary tuberculosis. It is still employed in normal volun- 
teers and in patients where prolonged procedures are planned. 

Recently, there has been a trend toward use of topical anesthetic agents in 
more dilute solutions.'*"* Greater dilution permits use of larger quantities of 
fluid without exceeding the accepted total dosage, and a more uniformly dis- 
tributed surface coverage is possible. This mode of application also appears 
to be safer because it is thought that the toxicity of local anesthetie agents 
increases in geometrical, rather than arithmetical, progression with increasing 
concentration.’* 

Accordingly, we have used 0.25 per cent tetracaine for endotracheal in- 
jection as suggested by Harken and Salzberg’® and by Corabelli2° This dilute 
solution provides adequate anesthesia of short duration. The early return ot 
the cough reflex and ciliary motion are thought to be decidedly advantageous, 
particularly in patients with tuberculosis. 

Barbiturate premedication, a well-accepted preliminary to topical anes- 
thesia, has been employed throughout the series. All hospitalized patients re- 
ceived 0.1 Gm. of pentobarbital at bedtime and again one hour before operation. 

If we adopt the classification of reactions to local anesthetic agents proposed 


Ss 


hy Sadove and associates,’* we find that two ‘‘normal’’ individuals in our series 
showed a toxie response in the form of central nervous system stimulation, an 


incidence of 0.2 per cent (Table I). 


CASE ReEports.—A 48-year-old man with pulmonary tuberculosis received twice the 
sual amount of tetracaine because of an unusually persistent and forceful cough reflex. 
fter the last endotracheal instillation he began to show slight rhythmical movements of 
| four extremities. He remained seated, and continued to answer questions confusedly. 
fter three minutes the movements diminished and the bronchospirometrie catheter was 
troduced. The examination proceeded uneventfully, although slight twitching of hands 
1d feet continued for about ten minutes. 

The second patient, a 27-year-old man, was studied after bilateral thoracoplasty. 
ortly after initiation of topical anesthesia with 0.25 per cent tetracaine he developed a 
irked nystagmus, lost consciousness, and exhibited mild generalized convulsive move 
‘nts. Recovery was rapid after intravenous administration of thiopental. An unusually 
ge amount of tetracaine may have been absorbed because the patient was unable to 


igh and most of the solution was retained in the lungs. 


Similar reactions, attributed to topical anesthesia prior to bronchospi- 
netry, have been reported by others. Vacearezza and his group,’ using 2 per 
it tetraeaine, recorded evidence of toxicity in 0.5 per cent of patients; 
brkman‘ noted untoward reactions in 8.6 per cent of his first seventy patients, 
d Pinner and associates'! noted that reactions to cocaine were common. 

Among ‘‘abnormal individuals’? there were many ‘‘allergic responses’’ 
Of thirty-two pa- 


8 


‘ording to the classification by Sadove and associates.’ 
nts in our series with a history of bronchial asthma, fourteen experienced 
tacks during preparation with the topical anesthetic. The incidence of these 
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episodes was the same whether Forrestier’s solution or tetracaine was used 
(Table 1). Respiratory studies of one asthmatic before and after preparation 
with tetracaine have been reported.*!| Most patients responded well to parenteral 
or aerosol administration of bronchodilator drugs, and in no instance was the 
episode so prolonged or so severe as to cause abandonment of the examination. 
Since 44 per cent of asthmatics reacted in this manner, we now observe special 
precautions in dealing with them. Whether the topical anesthetic itself is 


responsible for precipitation of the attacks is conjectural. Most of these pa 





tients had had tetracaine for bronchoscopy or bronchography so that sensitiza- 
tion may well have taken place. In several instances the onset of an attack 
was noted upon arrival at the bronchospirometry room even before the anes 
thetic had been administered. The thought of the pending procedure and the 
sight of the apparatus may have been a sufficient psychic stimulus for precipi- 
tation of an attack.®* 

We have attributed the infrequeney of minor reactions and the absence of 
serious reactions to the sparing use of very dilute solution of tetracaine, the 
routine use of barbiturate premedication, and certain other precautionary meas 
ures which will be enumerated subsequently. 


Local Trauma.—Some sequelae due to local trauma by the catheter appear 





after almost every intubation. Hoarseness and difficulty in swallowing, a 
slightly painful throat, and a moderate increase in cough and expectoration, 
persisting for the remainder ot the day, were encountered after nearly every 
intubation. These reactions were more severe after unusually prolonged pro 
cedures in very ill patients in whom intubation was difficult. Bronchoscopy has 
occasionally been performed immediately after the procedure. Slight reddening 
of the trachea and left main bronchus was invariably observed. 

Effect of Bronchospirometry on the Subsequent Status of Pulmonary Tuber 
culosis.—Ever since broncoscopy and bronchospirometry were first performed 
in patients with pulmonary tuberculosis, there have been misgivings in_ th 
minds of both the patients and the physicians regarding the possibility of ag 
gravation of the disease. Although the effect of bronchospirometry has beet 
evaluated only once in this regard,?* a number of studies are available dealing 
with analysis of the effect of bronchoscopy. 

Warren, Hammond, and Tuttle** recorded extension of disease followin 
bronchoscopy in one per cent of 198 cases. Hawkins,” reporting his experienc 
with 516 patients, noted a mortality of 0.6 per cent and an extension of t) 
disease in 0.2 per cent. MeIndoe, Steele, and Samson?* conducted a caret! 
study of the course of the disease following 272 routine hbronchoseopies. Roen 
genograms were obtained one month before and three weeks after bronchoseop 
and temperatures were taken at four-hourly intervals for one week before an 
after bronchoscopy. An increase in the pulmonary disease was noted in 1 
per cent, and 12 per cent showed a temporary temperature elevation. Th 
concluded that a similar incidence of roentgenographic changes could be e 
pected in any comparable group of patients with active tubereulosis who hi 
not had bronchoscopy. Radner®* observed a febrile response after bronchosco} 
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in 10 per cent of 183 patients. The temperature elevations, which ranged from 
1° F. to 3° F., were thought to be nonspecific reactions and of no elinieal sig- 
nificance. Although none of the patients had shown recent progression or ex- 
tension of the disease prior to bronchoscopy, definite roentgenographie changes 
consisting of atelectasis, fresh areas of infiltration, or increase in the size of 
cavities were noted in 14 per cent. These adverse results were attributed to 
abolition of the cough reflex and disturbed ciliary action following the pro- 
cedure. The importance of the use of short-acting barbiturates, avoidance of 
intense tracheal anesthesia, and encouragement of cough were advoeated as 
prophylactic measures. MacRae and associates** showed that patients who had 
exhibited previous spreads were much more prone to show further extension 
after bronchoscopy. From comparison of roentgenograms taken three months 
before and three months after the procedure, they concluded that bronchoscopy 
is responsible for dissemination of tuberculosis chiefly in patients who have 


) 


endobronechial involvement. Coates?? reported a detailed statistical analysis of 
the results of 473 bronchoseopies. Roentgenograms were taken at two-monthly 
intervals for six months before and six months after bronchoscopy and were 
the sole basis for evaluation. Evidence of increase of disease in the two-month 
period after bronchoscopy was found in 15 per cent. However, the same or a 
larger incidence of increases had occurred during all three two-month intervals 
prior to bronchoscopy. Although it was admitted that reactivation must be 
occasionally attributed to the procedure on clinical grounds, it was concluded 
that there was no evidence from a statistical standpoint to support these clinical 
impressions. 
The course of tuberculosis following bronchospirometry has never been 
nalyzed. Of the first seventy patients submitted to the procedure by Bjérk- 
an, one-half showed a rise in temperature, but this was apparently not aec- 


mpanied by extension of the disease. Arnaud*® and Pinner’ both reported 
one death due to tuberculous pneumonia. Occasional extension of disease has 
en mentioned, although the actual incidence was usually not stated.*' Wright 
d Michelson'® have observed ‘‘reactivation of quiescent disease, spread of 
sease to new locations, and exacerbations of the existing disease.’’ These 
juelae occurred in patients with tuberculosis in its most unstable form. They 
uught that bronchospirometry had no significant effect on the natural course 
disease. Their impressions were gained from data analyzed in the manner 


) 


© Coates,*’? which have not yet been reported, showing a lower incidence of 
reased activity in the post-test period than in the pre-test period. 
Statistical analyses of this kind may suggest that the course of tuberculous 
‘ase in large groups is not altered by bronchial intubation. This is of little 
urance to the individual patient. By the same type of reasoning one could, 
example, compare the clinical course of patients with far-advanced tuber- 
sis. If one group were not treated and another treated with pneumonectomy, 
« if the same number of patients in both groups were alive six months later, 
© e might erroneously conclude that pneumonectomy carries no operative mor- 
ty, or that it does not alter the course of the disease. 
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A program was therefore outlined which, we hoped, would give an indi- 
cation of the effect of bronchospirometry on the course of the disease in any 
individual patient. A roentgenogram of the chest was taken the day before 
bronchospirometry, one week later and, whenever possible, six weeks afterward. 
A special four-hour temperature chart was kept for one week, and marked in- 
crease of cough or expectoration, streaking or frank hemoptysis, hoarseness, 
or unusual pain were recorded. 

The incidence of febrile reactions and the incidence of extension of disease 
of 420 patients examined in this manner are shown in Table Il. The extent 
and symptomatology of the disease were classified according to the criteria of 
the National Tuberculosis Association. 

The first ninety-seven patients received 10 to 16 mg. of morphine and 0.4 
to 0.6 mg. of atropine one-half hour before operation, and Forrestier’s solution 
was used as topical anesthetic. A febrile reaction occurred in 49 per cent shortly 
after bronchospirometry and the temperature was elevated by more than 2° F. 
in 13 per cent (Table Il). The reactions were more frequent and more serious 
in patients with far-advanced disease and in those with moderate or severe 
symptoms. The patients, as a group, were rather ill. Twenty-four per cent 
had moderately advanced, and 56 per cent far-advanced tuberculosis. The 
patients included in groups ‘‘III’’ as well as ‘‘D’’ had tuberculosis in its most 
unstable form. They represented 10 per cent of the group and of these, 80 
per cent showed a febrile reaction after the procedure and the temperature 
elevation was over 2° F. in 50 per cent. All five patients in this category who 
had marked temperature elevation also showed a definite exacerbation of disease 
on roentgenograms taken one week after the procedure. There were three other 
patients in the group medicated with atropine and morphine who showed an 

ierease of disease (Table IL). The total rate of spread was 8.3 per cent, and 
one death was attributed to bronchospirometry (Table I). 


Case Report.—P. O’D., a 22-year-old male clerk, was admitted sixteen months prior 
the examination with tuberculous pneumonie infiltration throughout both lungs and multiple 
vities in the left upper lobe. Severe diabetes mellitus was poorly controlled at the time 
admission. Treated with strict bed rest, pneumoperitoneum, 3 Gm. of streptomycin a day 
* four months, a regulated diet, and 110 units of insulin a day, he improved slowly. He 
itinued to cough and raise large amounts of sputum. Occasionally evening temperatures 
re elevated to 99.6° F. A roentgenogram made the day before bronchospirometry showed 
imal fibrotic changes on the right, but the entire left upper lobe was excavated. Following 
‘ventful bronchospirometry with morphine and atropine premedication and Forrestier’s 
ition locally, the patient felt well, although his temperature rose to 100.2° F. that night. 
eptomycin and penicillin therapy was started, and additional insulin was required. During 
next four days morning temperatures were normal, and evening temperatures ranged from 
O° F. to 100.6° F. The pulse rate increased from 80 to 160, and respirations from 18 to 

The fasting blood sugar was 356 mg. per cent on the second day, and 460 mg. per cent 

fourth day. Dyspnea became severe in spite of oxygen therapy. A portable roentgeno 
im revealed a pneumonic process involving the entire right lung. The patient died on the 
h day in spite of bronchoscopic aspiration and intravenous feedings. Over 400 units of 
ilin were administered during the last day of his life. Permission for post-mortem exami- 
ion could not be obtained. A combination of respiratory insufficiency and diabetic coma 
s thought to have been the immediate cause of death. 
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Exacerbations have not been limited to patients with far-advaneed and 
very unstable disease. 


M. McK., a 27-year-old woman, was not as ill as the previous patient. On admission, 
two years prior to bronchospirometry, two small cavities were demonstrated, one at the apex 
of each lung. With pneumoperitoneum treatment the patient made good progress. A chest 
film made the day before bronchospirometry showed the lung fields essentially clear except 
for a small residual cavity and infiltration at the right apex (Fig. 1, 4). Bronchospirometry, 
performed with morphine and atropine premedication and Forrestier’s solution anesthesia, 
showed only minimal functional impairment of the right lung. This patient had been with 
out cough or sputum for one year, and her temperature had never been elevated. Eight hours 
after bronchospirometry the temperature rose to 99.8° F. and increased to 102.8 F. on the 
second day and to 104° F. on the third day. This was accompanied by the sudden appearance 


of productive cough, anorexia, malaise, and night sweats. Streptomycin treatment was begun, 





Fig. 1.—Chest roentgenograms of patient M. McK. one day before and one week afte! 
bronchospirometry. Initially a small cavity was present at the apex of the right lung. After 
the procedure a ‘‘spread” has occurred to the lower portion of the left lung. 


and the evening temperature slowly returned to normal during the next twenty-eight days 
A roentgenogram made one week after bronchospirometry showed a new area of infiltratio 
at the base of the left lung (Fig. 1, B). This diminished with time, but never entirely di 
appeared. A selective apical thoracoplasty was performed two months later. The postoper: 
tive course was uneventful, and she has been well and doing full-time work for the past tv 
and one-half years. 


It is believed that the occasional unfavorable effect of bronchospirometry « 
the course of the disease is not due to the intubation itself. We agree wit 
purule? 
material and implantation of bacillus laden secretions in previously unaffect: 


Amberson®? and Radner?’ that such incidents are due to retention of 


parts of the lung. Premedication and topical anesthesia both favor such 1 
tention. Barbiturates often cause sleep for some hours after intubation, atropi 
makes the secretions more viscid and therefore difficult to raise, morphine a 
as a potent anti-tussive, while Forrestier’s solution deprives the patient 

endobronchial sensation for one to two hours. 
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A new regimen, designed to alter as many of these factors as possible, was 
therefore instituted. Premedication with morphine and atropine was omitted 
entirely. The topical anesthetic was changed to the shorter acting tetracaine 





which was used in very dilute solution. Only the use of barbiturates was con- 
tinued because they afford protection against toxic reactions to the topical 
anesthetic. Postural drainage was performed immediately after operation, and 
repeated every three hours for the remainder of the day and three times a day 
‘for three days. Patients were not permitted to sleep during the immediate 
postoperative period. Parenteral penicillin was given prophylactically for three 
days or until the temperatures had been normal for three days. An attempt 


was made to exclude tuberculous patients such as those in group ‘‘ III D.”’ 


& 





Fig. 2.—Chest roentgenograms of patient M. McG. one day before and one week after 
onchospirometry. The procedure was followed by new tuberculous involvement of the lower 
rtion of the left lung. 


The results with this new regimen following 333 bronchospirometries are 
own in Tables I and II. Although rapidly progressive tuberculosis in very ill 
d toxie patients was now considered a relative contraindication to broneho- 
irometry, the severity of the disease in this second group remained unaltered. 
ily 24 per cent had apparently arrested or minimal tuberculosis, and 58 per 
nt had far-advaneed disease. Again, 10 per cent of the entire group were 
ssified as having far-advanced disease with serious symptoms (Group ‘“‘ITI 
’). Nevertheless, by this new regimen, the incidence of febrile reactions 
is reduced from 49 to 24 per cent, and the incidence of elevations of more 
in 2° F. was reduced from 13 to 2 per cent. Again, as in the first group, 
ients with minimal or apparently arrested disease and patients without 
uptoms showed the fewest febrile reactions (Table I1). There was only one 
0 showed exacerbation of disease; the ‘ 
0.3 per cent (Tables I and IT). 


‘spread’’ rate was reduced from 8.3 
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It is felt that, with the revised regimen, bronchospirometry can be per- 
formed safely even in patients who are seriously ill with tuberculosis. The 
importance of a vigorous cough reflex, effective ciliary motion, and adequate 


mobilization of secretions was emphasized by the greatly improved results 


in the second Group where only one spread occurred following Soo intubations: 


CASE Histony.—M. MceG., a 36-year-old woman, was readmitted to the Sanatorium 
Division of the Boston City Hospital three months before bronchospirometry. The roentgeno 
gram the day before bronchospirometry showed excavation of the entire upper lobe of the 
right lune and a lower lobe which lad only partly re-expanded aftet abandonment of thera 


overdistended. \ 


peutic pneumothorax two years before (Fig. 2, 4). The left lunge was 
small area of infiltration overlying the second anterior rib had remained unchanged for two 
years. Bronchospirometry, performed according to the newly revised regimen, was followed 
the next morning by a temperature of 99.6° F., and rose to 102.8 FE. that evennig. Strepto 
mycin therapy was started, and within the next ten days the temperature returned to the 
preoperative level. A roentgenogram taken one week after bronchospirometry showed a 
diffuse spread to the lower part of the left lung (Fig. 2, B). Streptomycin was continued 
for two months, and a right pneumonectomy was then performed. The postoperative course 


was uneventful, and the patient has been well at home for two years. 


Undoubtedly, many of the febrile reactions were not due to exacerbation 
of existing disease or implantation of organisms in previously unaffected parts 
of the lung. Early appearance of the fever suggests ‘‘autotubereulinization”’ 
or liberation of foreign protein material as the source of the reaction. Whether 
the new areas of infiltration observed on the chest roentgenograms one week 
after operation were due to new foci of disease or were merely pulmonary re 
action to foreign protein material must remain unanswered. In the past, a 
lesion which disappeared within a few weeks without leaving a residual shadow 
has been regarded as being due to ‘‘autotuberculinization,’’ and one which per 
sisted for several months and healed by sear formation has been considered a 
new focus of disease. However, truly new foci of disease in the pneumonic 
stage, when treated with streptomycin, may also disappear within a few weeks 
without leaving radiopaque residua. Early streptomycin treatment therefor 
makes this differentiation very difficult. The persistence of lesions, in spite 0 
streptomycin treatment, in the two patients whose course was described, sug 
gests that the roentgenographie shadows represented disease in previously wi 
affeeted portions of the lung. 

Other Complications.—Blood-streaked sputum or frank hemoptysis ha‘ 
been described following bronchospirometry. This was not seen in our seri 
possibly because we did not aecept patients who had had evidence of bleedit 
during the two weeks preceding the operation. Chills and transient high fey 
were seen on a few occasions in patients with and without tuberculosis. The 
subsided within a few hours, and may have been due to transient bacterem! 
Similar reactions are seen after other endoscopic procedures, particulat 
cystoscopy. In patients with bronchial asthma, attacks occasionally began att 
introduction of the catheter. This was never severe enough to cause interru 
tion of the procedure. In fact, bronchospasm was purposely induced a num! 
of times during bronchospirometry by intravenous injection of methachol! 
or histamine. 
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CONTRAINDICATIONS 


The contraindication to bronchospirometry which has been mentioned most 
frequently is tuberculous ulceration of the trachea, larynx, or left main bron- 
ehus.) * & 8 11% 1547 The only other contraindication, recorded with some 
unanimity, is recent hemoptysis.’ 1) 1% 1% The procedure has been thought to 
be undesirable in the presence of a deformed tracheobronchial tree,’ obstruction 
of the left main bronchus,** high fever,'’:'® the presence of viscid sputum," 


and severe bronehiectasis.°4 


7 


qa 








MB.C.= 51 L/MIN. 











_ Fig. 3.—Bronchospirograms of three patients with varying degrees of ventilatory in- 
iciency. The first patient (A) with a maximum breathing capacity of 137 liters per 
ute had only slight ventilatory insufliciency and was not incapacitated. The second patient 
) had moderate ventilatory insufficiency and dyspnea during exercise. The third patient 

with a maximum breathing capacity of 24 liters per minute was totally disabled with 
pnea on slightest exertion. Ventilatory insufficiency is not’a contraindication to broncho- 
rometry. (In this and all subsequent tracings the respiratory excursions of the right lung 
recorded above those of the left, the interval between the heavy horizontal rulings repre- 
ts a volume of 500 ml., the interval between heavy perpendicular rulings, a time interval 
ne minute, and the spirograms read from left to right.) 
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Uleerative tracheobronchial disease and hemoptysis within two weeks prior 
to planned bronchospirometry has been accepted by us as a routine contra- 
indication. A deformed bronchial tree occasionally makes proper intubation 
difficult, and severe obstruction of the left main bronchus has prevented satis- 
factory bronchospirometry four times (Table III). Preoperative postural 
drainage, omission of atropine, and the use of catheters with lumina large 
enough to permit removal of secretions facilitate the procedure in’ patients 


with viscid sputum or bronchiectasis. 


TABLE III. CAUSES OF UNSATISFACTORY RESULTS OF BRONCHOSPIROMETRY 
(860 PROCEDURES) 


DIFFICULTY NUMBER | PER CENT 

Catheter could not be introduced into trachea 3 0.3 
Catheter could not be introduced into left main bronchus 

a.) because of deformed tracheobronchial tree 3 0.3 

b.) becauses of stenosis 0.5 
Unsatisfactory tracing was due to: 

a.) Excessive secretions or uncontrollable cough 3 0.3 

b.) Occlusion of orifice of left upper lobe on both tracings 9 1.0 

«.) Air leak from one lung to the other or to outside on both tracings 3 0.3 

d.) Catheter orifice for right lung was occluded by deviated trachea 15 Ad 
Patient could not tolerate catheter because of dyspnea l 0.1 
Recourse to general anesthesia was necessary because of 

1.) Uncooperative patient (psychotic ) 1 0.1 

2.) Patient too young to cooperate l 0.1 

3.) Patient had unusual gag reflex ] 0.1 
Technical difficulties i) 0.6 


(left to right leak within catheter; balloon developed leak after intro- 
duction; electrical short circuit; faulty spirometer valve; ete.) 


~] 


Total unsatisfactory results 49 5. 


A low respiratory reserve has often been mentioned as contraindication to 
bronchospirometry.® * 1! 1% 2% 5° Some have thought that bronchospirometr) 
should not be performed if the vital capacity is less than 1,500 ml.?% Only 
Wright and Michelson’ feel that this should not stand in the way of broncho 
spirometry. The three bronchospirograms reproduced in Fig. 3 illustrate th 
results of the examination in three patients with maximum breathing capacities 
of 137, 51, and 24 liters per minute, respectively. In our experience, no degre: 
of ventilatory insufficiency has been severe enough to interfere with successfu 
bronchospirometry. On the contrary, patients with low respiratory reserve hav 
less ability to alter their functional residual capacity, and more easily inte! 
preted bronchospirograms are obtained. No difficulty was encountered durin 
bronchospirometry in patients after bilateral surgery. Even in patients with 
very low respiratory reserve as encountered in pulmonary emphysema comp! 
cated by cysts or bullae, bronchospirometry was performed without mishap. 

The data of Table [IV suggest that dyspnea during bronchospirometry w: 
not necessarily more severe in patients whose exercise tolerance was limite: 
Unusual shortness of breath during the procedure was experienced by only 1 
per cent of all patients, although 32 per cent had a markedly limited pulmona: 


reserve. Comparison of the bronchospirometric vital capacity with the san 
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volume obtained during ordinary spirometry is a fairly good index of respira- 
tory distress during intubation. This ratio was essentially the same in patients 
who ordinarily showed no, slight, or moderate dyspnea (Table IV). 

The contraindications to bronchospirometry may be listed as. follows: 


I. Routine contraindications 
1. Uleerative tracheobronchial tuberculosis 
2. Hemoptysis within two weeks. 
Il. Relative contraindieations 
1. Obstruction of the left main bronchus 
2. Far-advanced pulmonary tuberculosis with 
severe symptoms and evidence of toxicity. 


The last contraindication deserves further comment. If bronchespirometry 
is performed in patients with pulmonary tuberculosis in its most unstable form 
a small number of exacerbations must be expected. It is well to avoid the pro 
cedure in such patients unless the information is essential for clinical evaluation. 
Unfortunately, a large number of patients, in whom bronchospirometry is most 
urgently needed, fall in this very group. That our later hesitancy, in this 
respect, has not altered the type of patient admitted for bronehospirometry 
is illustrated by the data of Table IT. 


TECHNIQUE 

Literature.—Two brief presentations by others have been devoted entirely to a discussion 
of the technique of bronchospirometry.!3, 16 

Preliminaries.—1. Over-all function studies: No patient should have bronchospirometr) 
who has not had evaluation of over-all function. These preliminary studies should include at 
least vital capacity, maximum breathing capacity, some form of exercise test and recording 
spirometry, and preferably determination of functional residual capacity. Clinically, prior 
function studies are helpful because some patients show such poor respiratory reserve that 
plans for surgery must be abandoned, regardless of differential functional distribution. Othe: 
patients prove to have excellent pulmonary reserve, and almost any planned procedure can be 
undertaken without knowledge of the result of split function studies. From a research stand 
point, bronchospirometry without knowledge of over-all function is not informative because it 
gives no indication of absolute values.4, 11,15, 16,35 Finally, the local reaction to bronchi 
spirometry is such that adequate over-all studies cannot be performed for some days afterwa1 

2. Bronchoscopy: Bronchoscopy is a desirable preliminary to bronchospirometry.®; ©: 
Technical problems, likely to be encountered during intubation, can be evaluated and the most 
important contraindication, ulcerative endobronchial tuberculosis, can be definitely establish 
No house patient at the Sanatorium Division of the Boston City Hospital or the Veterans 
Administration Hospital at Rutland has ever had bronchospirometry without prior bronch 
copy. Results of bronchoscopic examination were available in 94.5 per cent of our 1, 
studies. 

3. Special roentgenograms: If any question exists concerning the configuration of 
tracheobronchial tree or the patency of the left main bronchus, bronchograms are oceasiona 
helpful. Laminograms have also been suggested as an aid for mapping out the tracl 
bronclyial tree.13 

4, Preoperative treatment: The night before operation the patient receives 0.1 Gm. 
pentobarbital and the purpose of the procedure is explained briefly. On the morning 
operation breakfast is omitted, and medication with a short acting barbiturate is repea 
about one hour before the procedure. No further premedication is given to patients w. 1 


tuberculosis, although most authors advocate large doses of atropine and morphine prior 
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operation}, 6, 8, 13, 30 with meperidine5 and Pantopon# as alternatives. Proctor warned against 
atropine because it produces unwanted thickening of secretions, and Carlens suggested 
omission of morphine because of its respiratory depressing activity.2 

In patients without pulmonary tuberculosis 6 to 10 mg. of morphine and 0.35 to 0.6 mg. 
of atropine are given subcutaneously shortly before operation. he importance of preoperative 
postural drainage has been emphasized.®, 7, 1 

5. Equipment and technical preparation: The room selected for bronchospirometry should 
he quiet and must be equipped with a horizontal fluoroscope if a catheter other than the 
Carlens type is used.31_ Even with the latter tube we have preferred to check the position by 
fluoroscopy and by spot films in the operating room.%6 A screen with spot film attachment is 
preferable although adequate spot films of the catheter in situ can be obtained by centering 
the fluoroscopic screen over the target area. A small cassette is placed on the patient’s neck 
and upper chest and the film is exposed for one to two seconds by depressing the foot switch 
for the fluoroscope. 

Recording equipment should be amply tested prior to the patient’s arrival, Twin spirom- 
eters of the Benedict-Roth type, arranged to record on one drum, are entirely satisfactory 
and are commercially available.* A modification of this apparatus designed for oxygen and 
ambient air recording spirometry will be described subsequently.37 Differential yentilation and 
oxygen uptake may also be determined by the open circuit technique.37 

In addition to the usual equipment required for administration of topical anesthesia, 
several bronchospirometric catheters are prepared out of sight of the patient. We have three 
catheters available for every procedure: a male and a female size Carlens catheter with 
stylets,2+ and a Gebauer catheter,*¢ as modified by Wright.18 All solutions, tetracaine, 
alcohol for sterilization, Forrestier’s solution for prolonged anesthesia, or saline for dilution 
of the tetracaine should be color coded. Jackson forceps as modified by Wright are helpful 
for introduction of the tube. 

Alternative and Emergency Equipment.—A kit containing ampules of phenobarbital, 
thiopental, epinephrine, theophylline ethylenediamine, neosynephrine, and appropriate syringes, 
needles, and tourniquet is always on hand. A nebulizer, isopropyl-norepinephrine, syringes, 
and connecting tubing are prepared when asthmatics are to be studied. A suction machine is 
available with fine urethral catheters and plastic tubing for suction through the broncho- 
spirometric catheters. A ‘‘trans-cricoid pack’’ contains 2 per cent procaine, syringes and 
needles for the rare uncooperative patient or patient with unusually sensitive gag reflex when 

pical anesthesia is administered by the trans-cricoid route described by Harken and Salz- 
rgi9 and Magill.88 An open-blade laryngoscope is used on rare occasions when intubation 
direct laryngoscopy becomes necessary. Ideally, a thoracotomy kit and an anesthesia 
ichine should be available, since toxic reactions to topical anesthetics occasionally manifest 
‘mselves by cardiac or respiratory arrest. 

Topical Anesthesia—The importance of adequate anesthesia cannot be overempha- 
ed.1,7, 12,13 Intubation should never be attempted unless complete anesthesia has been 
tained. Bronchospirometry requires more thorough and careful anesthesia than either 
mchoscopy or bronchography because the onset of cough may terminate the procediire pre- 
turely. 

The patient is seated and the plan of the procedure is outlined. He grasps his tongue 
i gauze, and palate, throat, and pharynx are lightly sprayed with 2 per cent tetracaine. 
essive solution is expectorated. The anesthetic can also be applied with a swab or brush.12 
ee to five minutes are then allowed for any possible reaction to occur in hypersensitive 
ividuals. This time is used to check the spirometer pens and motor, to fill the spirometers 
h oxygen, and to test the system for tightness. After a second throat spray, cotton pledgets 

ed with 2 per cent tetracaine are applied to the pyriform sinuses with Jackson forceps. 
vocal cords are then visualized with a mirror, the blunt tip of a malleable tracheal cannula 


_* Available from Warren Ek. Collins, Inc., Boston, Mass., and from McKesson Appliance 
‘ Toledo, Ohio. 


*Available from A. B. Stille-Werner, Stockholm, Sweden. 
tAvailable from American Cystoscope Makers, Inc., New York, N. Y. 
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is held just above the cords, and 3 ml. of the 0.25 per cent solution are injected. Contact 
with the cords should be avoided at this time. The proper placement of the solution is con 
firmed by explosive cough. A few minutes are again allowed in anticipation of untoward 
reactions. During this time the fluoroscope, the pressure-flow characteristics of the tube,°9 
and the inflatable cuffs on the catheters are checked. If the Carlens catheter is used, the 
earinal hook is tied to the catheter with silk. The cannula is then placed between the cords 
and 3 ml. of the dilute tetracaine solution is again injected. This is repeated twice more while 
the nurse or assistant leans the patient to the left side for adequate anesthesia of the left 
main bronchus. The last injection should no longer elicit involuntary cough. The patient is 
encouraged to cough after every injection. 

Alternative Anesthesia.—lf difficulty is encountered in visualizing the cords in feeble or 
uncooperative patients, it is at times helpful to apply topical anesthesia by the transericoid 
route. Although this method is faster and requires less experience, we have felt that it is 
more traumatic and that its use is not indicated in patients with tuberculosis. 

If prolonged procedures are planned,*7. 49 Forrestier’s solution is more satisfactory than 
dilute tetracaine. 

Finally, if the patient is entirely uncooperative, psychotic, or very young, it may be 
necessary to perform bronchospirometry under general anesthesia. Inhalation anesthesia is 
preferable since intravenous thiopental often causes laryngospasm and does not obliterate the 
cough reflex entirely. The addition of curare is undesirable unless facilities exist for attaching 
the two orifices of the bronchospirometric tube to an anesthesia machine.36 We have had to 
resort to general anesthesia on three occasions (Table IIT). 

Intubation.—Judicious haste is now in order. The large size of the catheter is best 
explained by pointing out that the larger the catheter the easier the breathing. In anticipation 


of the most frequent questions, patients are told that they will not be able to feel the air move 


in and out of the lungs, that they may swallow at any time, and that, while the tube is in 
place, they may breathe through mouth or nose, as desired. A pencil and note pad are supplied 
so that further complaints or questions may be recorded. The catheter is grasped with the 
modified Jackson forceps about 15 em. distal to the tip and is introduced while the epiglottis, 
cords, and catheter tip are constantly observed in the mirror. Blind introduction usually fails 
because the tip almost invariably points toward one of the pyriform sinuses. If visualizatio 
is poor, it is sometimes helpful to pass the index finger of the left hand along the back of th 
pharynx, guiding the tube along the midline like a Mosher Life Saver until it passes by tl 
cords. Meanwhile an assistant holds a bite block between the patient’s teeth. Proper inti 
duction of the tube should be seen, but can be verified by feeling the air move in and out « 
the external orifices of the tube and by the patient ’s inability to phonate. 

Alternative Methods of Intubation.—If the tube has not been passed at the first 
second attempt, it is best to postpone the procedure. Successive attempts cause more secretio 
and muscular spasm, and intubation becomes more and more difficult. Occasionally, if a lar 
catheter cannot be passed, a smaller, or female size may be tried. If the catheter tends 
buckle, a malleable stylet, introduced through the left lumen of the tube, lends rigidi 
Indeed, this is necessary with the Norris tube which does.not have a built-in curvature.3  ¢ 
easionally it is easier to pass a straight stylet through the tube and to introduce it by dir 
laryngoscopy. 

Placement of the Catheter.—Improper placement of the bronchospirometrie cathete1 
the most important cause of faulty recording of differential function. 

After the catheter has been introduced a soft bite block is placed between the te 
and the patient is lowered to the supine position, the head resting on a small pillow. 
catheter is advanced under fluoroscopic observation until the tip has reached the level of 
carina. The tip is turned to the left and should be seen to snap over the carina. This ide 
fication of the carina is the key to proper placement of the tube.13 The catheter is slo 
advanced until it lies within the bronchus for a distance of two to four centimeters. ' 
location of the tip in relation to the thorax depends on the extent of tracheobronchial 
tortion (Fig. 4). In patients with contraction of the upper lobe of the right lung, the 
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may appear to lie in the right chest (Fig. 4, 4). Under these circumstances, advancing the 
tube until it appears to be properly located in the left chest places the tip in the left lower 
lobe bronchus with occlusion of the orifice to the upper lobe (Fig. 4, B). With deviation of 
the mediastinum to the left, the properly placed tip may be seen several centimeters to the 
left of the spine (Fig. 4, C). In general, if the tip appears beyond the left border of the 
heart, the tube has been advanced too far. The appearance of spot films of various tubes in 
proper position are shown in Fig. 5. 

After proper placement the balloons are inflated slowly. The required pressure depends 
on the thickness of the rubber of the cuffs. It can be determined by inserting the eatheter 


in a transparent tube with an internal diameter equal to that of the trachea or the left main 


bronchus. Usually 40 to SO mm. Hg is sufficient. The respiratory orifices of the catheter are 





Fig. 4.—Proper orientation is difficult if the bronchial tree is distorted. The first spot 


f (A) shows a correctly positioned catheter in a patient with right tracheal deviation. The 
t £ the tube appears well to the right of the spine although it lies within the left main 
I chus. The second film (B) shows the tip of the catheter in its normal relation to the 
s - Since there was again marked deviation of the trachea to the right, the tube has been 
a need much too far. If the trachea is deviated to the left the tip appears further to the 
le f the spine than usual (C). If the tip cannot be introduced into the left main bronchus 
b ise of tracheal distortion or bronchostenosis (D) some information can be obtained by 
a neing the catheter into the right main bronchus. 
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then connected to the bronchospirometer. We have always used red markers on the the tubes 
leading to the right lung and the tracheal balloon and red ink for the spirometer pen record 
ing excursions of the right lung. To exclude any possible error the spirometer pens are ar 
ranged so that the spirogram of the right lung appears above that of the left (Figs. 3, 6, 
10-12). 

The Carlens Catheter.—The ligature approximating the carinal hook to the catheter is 
removed when the rubber hook lies within the trachea. Since this catheter is quite flexible, 
care must be taken that the gentle tug on the long end of the ligature does not pull the tube 
out of the trachea. Proper placement is achieved by advancing the catheter until firm re 
sistance is met. Since the catheter is only slightly radiopaque, it is difficult to check proper 
placement by fluorsocopy (Fig. 5). The addition of radiopaque rings proximal and distal 
to the bronchial balloon aids in proper fluoroscopic localization. In large patients the rubber 
hook occasionally fails to engage the earina and passes into the left bronchus. If the tube 
is used in the operating room the position of the catheter should be checked by spot films or 
tracings before operation.*6 

Difficulty with Placement.—This is almost always due to deviation of the trachea to the 
right or to narrowing of the left main bronchus. 

If the trachea is shifted to the right, the left bronchus may take off at a 90 degree or 
sharper angle (Fig. 4, 4, D). The tip then tends to slide into the right bronchus (Fig. 4, D)). 
Under these circumstances placement is facilitated by bending the patient’s head sharply to 
the right until the right ear approaches the right shoulder. 

When the left main bronchus is narrowed the catheter points in the proper direction but 
fails to advance. If the obstruction is known to be due to fibrosis it is permissible to apply 
slight pressure accompanied by to and fro rotation of the tube. If the cause of the stenosis 
is unknown, or due to tumor or inflammatory lesion, this maneuver is not permissible. If 
this fails a smaller tube may be tried, preferably on another day, or the catheter may be 
advanced two to three centimeters into the right bronchus (Fig. 4, D). Inflation of the 
bronchial balloon then obstructs the right upper-lobe bronchus. The upper spirogram, which 
ordinarily depicts excursions of the right lung, now represents excursions of the left lung. 
3y comparing this tracing with the ordinary spirogram, some idea ean be formed concerning 
the functional participation of the left lung. 

Recording the Bronchospirogram.—Although it has been suggested that the procedure 
should be carried out on two separate occasions to assure correct results,35 we feel that this 
is seldom necessary. The following outline may prove helpful in removing doubts concerning 
the reliability of results. After positioning of the catheter and balloon inflation, a spot fil! 
of the trachea is made and recording is begun. If the tracing appears satisfactory, recording 
is continued for at least four minutes. Up to ten minutes may be required if breathing is 
irregular or if the pulmonary midposition changes frequently. A second spot film may then 
be made to assure that the position of the catheter has not changed. The tip of the cathet 
is again visualized fluoroscopically. If it appears close to the carina, the tube is advan 
about one centimeter. If it appears near or beyond the left border of the heart, the cathe 
is withdrawn about one centimeter. A third spot film is made and a second tracing ‘s 
recorded for four to ten minutes. The slight alteration in position of the catheter betwe 
the duplicate recordings assures that in at least one tracing the orifice to the left upper love 
was not blocked. A final spot film is exposed before removing the catheter. If no teehni «l 
difficulty was encountered, if comparison of the first with the second and the third with 





fourth spot films shows no alteration in position of the tube during recording, if the s 





films show the catheter not less than 2 em. and no further than 4 em. within the left n 








bronchus in either set of films, and if the two bronchospirograms show identical functi 





distribution, results can be reported with confidence. This outline was followed in most 





our examinations. 





Detection of incorrect position and of technical difficulties depends to a great ext 


on correct interpretation of the tracing. 
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INTERPRETATION 

The Normal Bronchosprogram and Derived Data—The results by others, 
eoncerned with normal functional division between the two lungs, have been 
summarized,*! 

In eighteen normal volunteers examined by us the right lung was responsi- 
ble for 51 to 62 per cent of the total function. In any given individual the 
distribution of oxygen uptake, ventilation, and vital capacity was usually the 
same. Three representative bronchospirograms of normal male volunteers are 
reproduced in Fig. 6. In these and all subsequent reproductions the ventilation 
of the right lung is recorded above that of the left, and the spirogram reads 
from right to left. The heavy horizontal rulings represent a volume of 500 ml., 





5.-Spot films of correctly placed Zavod (A), Gebauer (B), and Carlens (C) catheters. 
The rubber hook of the Carlens catheter can be seen to engage the carina. 


1 the heavy perpendicular rulings a time interval of one minute. Although 
first two patients breathed more regularly than the third, all three tracings 
ild be adequately interpreted. The total vital capacity was well over 3,000 
in each instance, 
A convenient form for caleulating and reporting the results is shown in 
7. The respiratory rate is counted for a minute interval. The mean tidal 
imes of the two lungs can be estimated by drawing two lines, one for the 


€ |-expiratory points and one for the end-inspiratory points. A more accurate 


mate of the mean tidal volumes can be obtained by measuring each tidal 
‘ke and adding dll excursions for one minute. The mean tidal volume is 
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obtained by dividing the minute ventilation by the respiratory rate. Ventilo- 
graphs permit direct reading of the minute ventilations.** The newly proposed 


nomenclature is used for the subdivisions of the vital capacity.*' The two 


inspiratory capacities and the two expiratory reserve volumes are measured, 


and the Vital capacities are obtained by addition ot these two volumes. The 


oxygen uptake is represented by the slope of the base line as for the determina- 


tion of the basal metabolie rate. The ventilation equivalent for oxygen is defined 


as the number of liters of ventilation necessary for an oxygen uptake of 100 ml. 


This expression is of greater importance in bronchospirometry than in ordinary 


spirometry because, in the absence of arterial hypoxia, the two ventilatory 


equivalents give an indication of the relative ventilation-pertusion relationship 


in the two lunes. The numerical data read from the tracings are absolute values 


and have little significance. The functional distributions, expressed as per cent 


of the total, are of importance and are entered in the form in the area blocked 


out by heavy lines (Fig. 7). 























=e pat t J } 
i ‘ | } 4 | | 
AR. | 2. 3. 50. n | wR. zi 49. 1 
—+——--+- 23 al oe rs } | { 
+++ ‘intemal 3 oS! 
+4 j | 
' 
i! 
3 —- | | 
| $ ad 4 
j | 1} 
| } } 4 
| i 

















| me 











Fig. 6.—Bronchospirograms of three normal male volunteers. In every instance the rig 
lung was responsible for a somewhat larger oxygen uptake, ventilation, and vital capacit 
The first tracing (A. R.) was entirely satisfactory, the second tracing (W. R.) was on 
moderately satisfactory because there were considerable variations of tidal excursions. T 
third tracing (M. K.) was only fair since respiratory rate, tidal excursions, and functior 
residual capacity all varied markedly from one moment to the next. 

Faulty Bronchospirograms.—1. Improper placement of the catheter: T! 
commonest cause of failure to record actual functional distribution is impro] 
placement of the tube. The first tracing (A-7) of Fig. 8 illustrates the resi 
when the catheter is advaneed too far so that the bronehial cuff oceludes 1 
left upper-lobe bronchus. Slight withdrawal of the catheter permitted venti 
tion of the left upper lobe. The second tracing (A-2) and the correspond 
two spot films (Fig. 9, A-1 and A-2) made the initial error evident. 

A more unusual misplacement is illustrated by the second set of spirogra 
in Fig. 8. Collapse procedures applied to the apex of thé left lung may fo 























BRONCHOSPIROMETR\ 243 


the upper lobe bronchus downward so that the catheter may enter it. A tracing 
(B-1) was first obtained under such circumstances in a patient who had had an 
extensive apicolysis followed by extrapleural pneumothorax. The lower spiro- 
eram shows the respiratory excursions of a nearly functionless left upper lobe. 


Physiology Laboratory, Sanatorium Division, Boston City Hospital 


DIFFERENTIAL BRONCHOSPIROMETRY 
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A form for recording, calculating and reporting results of bronchospirometry. Only 

the values recorded within the heavily ruled block are considered significant. 
e tracing (B-2) was next obtained after the catheter had been slightly with- 
awn and reintroduced. The spot film revealed the tip now within the lower- 
e bronchus and the orifice to the upper lobe was oecluded much as in tracing 
!. At last the catheter was withdrawn about 2 em. and the third tracine 
--3) showed the true functional distribution. Sueh different and bizarre re- 
ts can only be evaluated later by comparison of repeated tracings and cor- 
sponding well-marked spot film. The next two tracings ((C’) illustrate a type 


misplacement which may be easily overlooked. In the early part of the tracing 
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(C-1) the left lung appears to be absorbing more oxygen, although the right 
lung ventilates more. This paradoxical situation has been encountered quite 
frequently.*? The left lung, however, had a much smaller vital capacity 
than the right. This is unusual, as oxygen uptake and vital capacity are 
usually proportionately reduced. The tube was advanced about 1 em., and a 
second tracing was obtained (C-2). The actual relationship of functional par- 
ticipation between the two lungs was now evident. Later inspection of the spot 
films (Fig. 9, C-1 and C-2) revealed that the tip of the catheter had been in the 
trachea during the first tracing (C-7). The resistance of the two airways was 

















Fig. 8.—Faulty bronchospirograms due to improper placement of the catheter. The tube 
was advanced too far with resulting occlusion of the right upper lobe bronchus (A-1). Slight 
withdrawal corrected this malplacement (A-2). In a patient with a depressed left upper-lobe 
bronchus the tube may actually enter this bronchus, occluding the orifice to the left lower lobe 
(B-1). Withdrawal and readvancement resulted in occlusion of the left upper lobe bronchus 
(B-2). The bronchospirogram with the catheter in the proper position is shown last (B-3) 
The tip of the catheter was within the trachea in the next tracing (C-/). Slight advancement 
of the catheter corrected this mistake (C-2). The last tracing (D) shows the more commor 
appearance if both orifices of the catheter remain within the trachea. 


such that, although both distal orifices of the eatheter had been within a eom 
mon chamber in the trachea, a fairly plausible, though entirely misleading 
bronchospirogram had been obtained. The last tracing (D) shows the more usua 
appearance when the tip of the catheter remains within the trachea. The onl) 
difference between tracing D and tracing C-7 is that the air leak from one sid: 
to the other was slower in the latter. 

2. Technical difficulties: The tracings resulting from some common techni 
eal difficulties are reproduced in Fig. 10. In general, if variations of the bas 
lines of the two spirograms occur simultaneously and in the same direction th 
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change is due to en alteration in the pulmonary midposition (funetional residual 
capacity). This may be voluntary (A), it may occur immediately after a vital 
capacity effort (B), or it may be due to a sudden alteration in oxygen require- 
ment (C). On the other hand, if the base lines of the two tracings move in 
opposite directions, a leak almost certainly exists. This may occur at any level 
of the separate airways. The fourth tracing (D) of Fig. 10 initially shows 
the last portion of a satisfactory spirogram. The balloons were then deflated. 





Fig. 9.—-Spot films of the Gebauer catheter in situ. The first film (A-/) shows the tip 
the catheter advanced too far with resulting occlusion of the left upper bronchus. The 
nd film (A-2) shows the correct position. The two resulting tracings are shown in Fig. 
'-7 and A-2, The third film (C-/) shows the catheter not advanced far enough. Although 
tip is within the left main bronchus, the bronchial balloon is still within the trachea. The 

film (C-2) shows the corrected position. These two positions resulted in tracings C-1 
C-2 of Fig. 8. 


catheter withdrawn slightly, and the second recording begun at the first arrow. 
‘ bronchial balloon was reinflated too forcefully and the eatheter tip slipped 
) the trachea. A leak from one lung to the other caused a sudden alteration 
the relationship of tidal volumes. Slight advancement of the catheter and 
tle reinflation resulted in resumption of acceptable recording at the second 
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arrow. The next tracing (EL) shows a marked leak from left to right which 
could not be remedied by balloon reinflation or change in catheter position. 
The catheter was removed, and later examination revealed that a stylet had 
torn the dividing wall between the two lumina of the tube resulting in an air 
leak within the catheter. The next tracing (/’) demonstrates that a leak may 
exist even though both spirograms proceed in an upward direction. At first 
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Fig. 10.—Faulty bronchospirograms due to technical difficulties. The first three tracing 
(A, B, and C) are in order, since the marked variations of the base line occur in paral 


fashion. tapid inflation of the bronchial balloon forced the tip of the catheter back into tl 
trachea during the time interval marked by the two arrows (D). \ leak (EF) was due to 
defective wall between the two lumina inside the catheter. Insufficient balloon inflation, ¢: 
rected at the arrow, caused a leak in the next spirogram (F) and a similar defect was 

to abnormal communication between the twin spirometers in the next tracing (G@).  Cous 


and excessive secretions caused intermittent leak and changes in catheter position in the kl 
tracing (H). 

the pressure within the balloons was insufficient to prevent a slow air leak fr 
the right to the left side, thus simulating oxygen uptake on the right. Great 
inflation of the balloons (arrow) interrupted this leak, and the right lung w 
shown to be functionless. A flow of air from the left to the right side v 
initially observed in the next bronchospirogram (@) in spite of proper ballo 
inflation and proper positioning of a well-tested tube. Inspection of the ent 
apparatus revealed that both oxygen supply cocks had been left open and, 
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though the tank was tightly closed, air moved from one spirometer to the other 
via this common tubing. After closing the cocks (arrow) a satisfactory broncho- 
spirogram was recorded. The result of intermittent leaks and obstruction due 
to secretions is illustrated in the last tracing (J7). 

3. Unilateral airway obstruction: A common difficulty encountered with 
catheters whose airway for the right lung ends in a lateral orifice*! *° is ob- 
struction of the opening by a deformed trachea (Table IV). This is shown by 
the first three tracings reproduced in Fig. 11. The first patient (4) had a left 
pneumothorax. In spite of this the expiratory excursions were smaller on the 





























Fig. 11.—Faulty bronchospirograms due to unilateral airway obstruction. This is usually 
ue to occlusion of the lateral orifice of the right lumen of the catheter by a deviated trachea 
1, B, and @). The obstruction may be partially (A and RB) or completely (C) corrected by 
exing the patient’s head sharply to the right. Increasing obstruction of the left airway (D) 
is due to excessive accumulation of purulent material. 


} 


ight. At a point indicated by the arrow, the patient’s head was bent to the 
ight altering the curvature of the trachea in the area of the lateral tube open- 
ig. Relief of the obstruction can be observed from the upper tracing. An 
evated pulmonary midposition (functional residual capacity) due to ‘‘air 
‘apping’’ was reduced, the base line deseended, and the tidal volume increased. 
Vhen the head was again straightened the respiratory excursions became pro- 
ressively smaller and a sharp rise of the base line indicated renewed ‘‘trap- 
ing’? of air. A second bending of the head (second arrow) brought even more 
‘ident relief. A similar obstruction in a patient with a small right thoraco- 
asty was so severe that bending of the head to the right shoulder brought only 
artial relief, and a satisfactory spirogram could not be obtained with this 
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catheter (B). The best illustration of unilateral obstruction and its complete 
relief by bending the head for the remainder of the test is shown in the third 


bronchospirogram (C). This difficulty cannot occur with the use of tubes where 
both airways have end-openings.*! Progressively increasing obstruction of the 


left airway due to accumulated secretions is illustrated in the last tracing (D). 
A final attempt by the patient to relieve the obstruction by cough merely expelled 


some of the ‘‘trapped’’ air from the left lung. 
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Fig. 12.—Irregular, rapid, shallow respirations are often due to fear of an inadequate 
airway. This is usually corrected by an early vital capacity effort (A and B). If the tracing 
is satisfactory the vital capacity effort is best deferred until last since the forced expiratory 
effort occasionally mobilizes secretions and the procedure is prematurely terminated by un 
controllable cough (C, D, and EF). 


Timing of the vital capacity effort: A satisfactory tracing often depends 
on proper timing of the vital capacity effort (Fig. 12). The patient’s fear oi 
an inadequate airway is usually reflected by irregular, rapid, shallow respira 
tions. <A vital capacity effort shows him that large volumes of air can be ex 
changed with relative ease and respirations become more regular (Fig. 12, A 
and B). If the tracing is satisfactory the vital capacity effort is best deferre: 
until a tracing of sufficient duration has been obtained since the forced expira 
tory effort occasionally causes mobilization of secretions, uncontrollable cough 
and premature termination of the procedure (Fig. 12, C, D, and E). 
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POSTOPERATIVE CARE 

Removal of the catheter after 0.25 per cent tetracaine anesthesia is always 
accompanied by spontaneous and effective cough. The patient is then placed 
in the prone position and the table is tilted down until he is able to touch the 
floor with his hands. After this postural drainage he is returned to the ward. 
Nothing is given by mouth for two hours to avoid aspiration. Parenteral peni- 
cillin is given twice a day for three days or until the temperature has been 
normal for three days. A four-hour temperature chart is kept during this 
period. The patient should be aroused frequently during the afternoon after 
the procedure, and postural drainage is continued at frequent intervals for 
three days. Narcotics, hypnotics, or sedatives are not allowed in patients with 
pulmonary tuberculosis or with copious secretions. 

Since sedation has been eliminated both pre- and postoperatively, fewer 
bronechospirograms have shown perfectly even and regular respiratory excur- 
sions. The procedure also appears somewhat more formidable to patients who 
have not been sedated, and the salivation without use of atropine makes the 
eonduct of the anesthesia and the recording somewhat more difficult. These 
disadvantages are far outweighed by the significant reduction in the number 
of postoperative febrile reactions and exacerbations of the disease in patients 
with pulmonary tuberculosis. 

A quiet and orderly team, well designed and well functioning apparatus, 
thorough topical anesthesia, careful placement of the catheter and correct inter- 
pretation of the tracings are the essentials of satisfactory bronchospirometry. 


SUMMARY 

Complications of bronchospirometry were few in number. 

Among 107 patients who received topical anesthesia with Forrestier’s solu- 
tion there were no toxic reactions. Forty per cent of patients with bronchial 
isthma showed an allergic response. Among 753 patients who received 2 per 
ent tetracaine pharyngeally and 0.25 per cent tetracaine intratracheally, 0.3 
er cent had a mild toxie reaction and 44 per cent of asthmatics showed an 

lergie response in the form of an acute attack. 

Of 97 patients with tuberculosis who received a barbiturate, atropine, mor- 
nine and Forrestier’s solution preoperatively, 48 per cent had a febrile re- 
‘tion, and 8.3 per cent showed an extension of disease by roentgenogram. Of 
3 patients with tuberculosis who received only a barbiturate followed by dilute 
traeaine anesthesia, 21 per cent showed a febrile reaction and 0.3 per cent 
owed a spread of disease. 

Both febrile reactions and spreads were more common in patients with far- 
vanced unstable disease and in toxic patients with severe symptoms. 
Uleerative tracheobronchial tuberculosis and hemoptysis within two weeks 

re aecepted as absolute contraindications to bronchospirometry. Obstruction 
the left main bronchus and far-advaneed pulmonary tuberculosis with severe 
nptoms were relative contraindications. Dyspnea was not considered a con- 
indication, and the examination was performed without mishap in patients 
th all degrees of pulmonary insufficiency. 
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The description of technique includes preliminary studies, preoperative 
treatment, equipment and technical preparation, application of topical anes- 
thesia, intubation, placement of the catheter, and recording of the bronchospiro- 
gram. The importance of obtaining duplicate tracings and of checking catheter 
position by spot films is emphasized. 

Normal bronchospirograms are shown, and the caleulation of derived data 
is discussed. The appearance of the bronchospirograms with improper place- 
ment of the catheter, with various technical difficulties and with unilateral air- 
way obstruction is illustrated. 

Early re-establishment of the cough reflex and effective removal of secretions 
were facilitated by avoiding postoperative sedation and by intensive postural 
drainage. 

Adequate information concerning the differential functional participation 
of the two lungs was obtained in 94 per cent of all procedures. 


The authors acknowledge the nursing and technical assistance of Miss H. Bruzzo, Miss 
D. M. Donnelly, Miss M. Jacobs, Miss K. Paipulas, and Miss 8. 8. Smith. 
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A COMPLETE SOMATIC ANTIGEN COMMON TO SALMONELLA 
ADELAIDE, ESCHERICHIA COLI-GOMEZ, AND 
ESCHERICHIA COLI O111:B4 


J. OLARTE, Q.B.P., aNp G. VareELA, M.C., C.P.H. 
México, D. F. 


ARELA and associates (1946) isolated a bacterium from the feces and 

purulent secretion from the external ear of a 2-month-old child who died 
of acute enteritis. The microorganism was classified as a member of the 
Escherichia group. The bacterium was peculiar in that it possessed the bio- 
chemical characteristics of Escherichia coli and the complete somatic antigen 
of Salmonella adelaide (XXXV, of the Kauffmann-White schema). These. in- 
vestigators also reported the isolation of this Escherichia coli serotype during 
an outbreak of diarrhea that involved five children in the Hospital Infantil of 
Mexico City, and from a woman who worked in the kitchen of the hospital. 
Microorganisms of this type were named Escherichia coli-gomez. 

At first, E. coli-gomez cultures were tested with Salmonella agglutinating 
antisera in an effort to find an antigenic fraction which might indicate patho- 
genicity or which might serve to identify them. Later, when the Kauffmann- 
Knipsehildt-VahIne schema was established for the Escherichia group, we 
found that E. coli-gomez belonged to Escherichia O group 111. The results of 
our studies on the antigenic relationship of E. coli-gomez, E. coli 0111:B4, and 
S. adelaide are given below. 

The methods used for the preparation of antigen suspensions and antisera, 
for performance of agglutination tests, and for absorption of agglutinin were 
those advised by Kauffmann in 1951 (a). Cultures of FE. coli-gomez were avail- 
able locally and the EF. coli O111:B4 (Stoke W) and S. adelaide eultures were 
received from Dr. Edwards and Dr. Ewing of the Communicable Disease Center, 
Atlanta, Ga. Antisera for the Stoke W strain of FE. coli 0111:B4 and for 
E.. coli-gomez were prepared by the injection of living cultures. The antiserum 
for S. adelaide was prepared from a culture that was heated at 100° C. for one 
hour. 

Heated suspensions of EF. coli-gomez, E. coli 0111:B4, and S. adelaide cross 
agglutinated to high titer in the unabsorbed antiserum prepared with these thre 
eultures (Table I). Also the results of reciprocal agglutinin absorption test 
between EF. coli-gomez and E. coli 0111:B4 indicate that these two serotype: 
have identical somatic antigens since all agglutinin was removed from th 
antisera. Further, it was shown by reciprocal agglutinin absorption tests tha 
the somatic antigens of S. adelaide and these Escherichia eultures are identica 

These results were communicated to Dr. Kauffmann who confirmed the r 
lationships outlined herein (Kauffmann, 1951 [b]). Therefore, E. coli-gom« 
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(Varela and associates, 1946) corresponds to Bacterium coli neopolitanum de- 
scribed by Bray and Beavan (1948), to Bacterium coli a type of Giles and 
Sangster (1948), and to FE. coli O111:B4, Kauffmann and Dupont, 1950. Somatic 
antigen XXXV of S. adelaide is identical with the somatie antigen of FE. coli 
Olll. According to Kauffmann (1951 [6]) antiserum for FE. coli 0111 :B4 is ab- 
sorbed completely by S. adelaide, it being impossible to isolate the B4 factor in 
pure form. The relationships between EF. coli 0111:B4 and S. adelaide also were 
confirmed by Ewing (1951). 

E. colt O111:B4 has been encountered in several outbreaks of infantile 
gastroenteritis in England, Seotland, United States, the Netherlands, Sweden, 
and Denmark, showing an evident causal relationship to the disease. Although 
numerous coliform organisms have Salmonella antigens, it is interesting to note 
this major relationship between EF. coli-gomez, E. coli O111:B4 and the Salmonella 
XXXV antigen. Frantzen (1951) has also described a similar relationship 
between microorganisms of the Arizona group and E. coli 055:B5. The latter 
serotype also has been implicated as a cause of infantile diarrhea. 


SUMMARY 
E. coli-gomez (Varela and co-workers, 1946) and EF. coli O111:B4 (Kauft 
mann and Dupont, 1950) are identical, and at the same time have the Salmonella 
somatic antigen XXXV. It is interesting that this supposedly pathogenic coli 
form organism has a major somatic antigen of the Salmonella group. 


We gratefully acknowledge indebtedness to Dr. F. Kauffmann, Copenhagen, Denmark, 
and Dr. W. H. Ewing, Atlanta, Ga., U. S. A. 
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THE EFFECT OF PARTICLE SIZE ON BLOOD CLEARANCE AND 
TISSUE DISTRIBUTION OF RADIOACTIVE GOLD COLLOIDS 


D. B. ZinversMit, Pu.D.,* Greorce A. Boyp, M.S.,** AND 
MARSHALL Brucer, M.D. 
MEMPHIS, TENN. 


OR some time it has been desirable to know how the properties of particles 
PP edi cree their deposition in various organs and, if possible, in various cell 
types. It seems probable that the fate of colloidal particles is determined by 
surface forces resulting from the chemical nature of the particle and its size. 

Dobson and associates! have shown a marked effect of the particle size of 
radioactive yttrium and zirconium colloids on the site of their deposition and 
blood clearance rate in rabbits. Sheppard and associates’ found no significant 
difference between the blood clearance rates of large and small particles of radio- 
active gold in dogs. The data obtained by these two groups of investigators 
cannot easily be compared because of the differences in the chemical nature of 
the colloids and in the animal species employed, and because of the lack of data 
on the particle sizes employed. 

In this paper, we report a study of the removal of different sized radioactive 
eold colloids from the blood of dogs and their distribution in various tissues. 
Radioactive gold was chosen because of availability, ease of measurement, and 
because much is known about its chemical preparation to particles of approxi- 
mately known size. 

EXPERIMENTAL 

Radioactive gold sols were prepared and their particle size measured as described in a 

revious communication.» The absence of ionic gold in the sol was tested with o-tolidine, 
d was confirmed by the fact that no radioactivity could be detected in the urine of dogs 
long as two hours after intravenous administration of the colloid. 

A portion of the colloid containing between 1 and 2 me. of Aul98 was prepared for in- 

‘tion by mixing it in vitro with 4 to 5 ml. of the dog’s own serum. After standing for a few 
inutes, the solution was then injected intravenously into the dog, which was under Nembutal 
esthesia. Blood samples were taken in a heparinized syringe from 5 to 120 minutes after 
» injection. Aliquots were diluted with water, and 10 ml. portions were counted for 5,000 
ints in a flat dish under an end-window Geiger tube. After all the blood samples were 
cen, tissues were removed from some of the dogs for analysis. They were weighed and 
ited with nitric acid until all particulate matter had dissolved. At the end of the digestion, 
least 2 ml. of concentrated HCl was added to transform the metal into ionie gold. This 
atly reduced the adsorption of radioactivity on the walls of the glass vessels. Because of 
ir importance, the entire liver and spleen were analyzed. After the digestion of these large 
From the Division of Physiology, University of Tennessee, and the Medical Division, 
k Ridge Institute of Nuclear Studies. 
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organs, an appreciable amount of fatty material appears on top of the water phase which 
made taking of an aliquot portion and counting of liquid samples rather inaccurate. To 
obviate this difficulty, the digest, after cooling to room temperature, was mixed with acetone 
or dioxane until the fatty layer and water phase had been transformed into a one-phase 
system.5 Ten milliliter portions were counted as before, Ninety-five to one hundred per 


cent of Aul%s added in vitro to nonradioactive fat-containing organs eould thus be recovered. 


RESULTS 
In Fig. 1 some typical blood clearance curves are presented as a semi 


logarithmic plot of Au’ concentration against time. The curves on top are 
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MINUTES AFTER INJECTION 


‘ig. 1.—A semilogarithmic plot of the disappearance of gold colloids from the blood strea 
GJ 10 mz diameter; @ 20 mu diameter; & 27 my diameter; 40 my diameter 
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those tor gold particles of approximately 12 my in diameter, whereas the lowest 
curve represents 40 my particles. The others represent the disappearance of 
intermediate-sized particles. 

Even though some of the curves can be accurately fitted by the equation 
C = ae” + a,e™, others seem to require more terms. An accurate analysis of 
the curves was not practical because of the short duration of the experiment. 
Theretore, in Table I the decrease in concentration of radioactive gold in blood 
is listed. The time after injection when the concentration of Au'®> in the blood 
reaches one-half of the extrapolated zero time value is designated as ty; ti,, 
is the time when the concentration has decreased to one-tenth of the zero time 
value. Even though there is a wide spread of values within each category of 
particle size, there can be no doubt that there is a real increase in the rate of 
disappearance of gold particles as their size increases. Since the blood clearance 
rate might depend upon the number of particles injected, dogs 1, 2, and 3 were 
injected with the same number of 10 mp particles as were given to dogs 15 and 
16, in the form of 47 my particles. Moreover, two dogs (No. 4 and No. 5) were 
each injected with the same number of particles, of the above sizes sueces- 
sively. In both instances the large particles disappeared more rapidly. 


TABLE I. BLOOD CLEARANCE TIME OF DIFFERENT SIZED GOLD PARTICLES 


PARTICLE CLEARANCE TIME 
WEIGHT DIAMETER t1% tho 
DOG NO, (KG. ) SEX (my ) ( MIN. ( MIN. ) 

] 8.0) M 10 EES 45 
2 10 M 10 3 18 
s ri} M 10 6.3 20 

4 13.8 KF 10) 6.5 Av. 27 Ay. 

5 11.8 M 10 7.0 8.2 22 34 
6 | I 3 M 12 13.0 63 
f 10.5 M 12 9.1 $8 
8 S.4 M 12 6.3 26 

9 8.2 M 20 4.8 Av. 14 Ay. 

10 10.4 M 20 4.5 5.3 18 19 
11 8.7 M 20 6.5 24 

AV. Av. 

12 17 M 27 2:5 2.8 10 10 
i 10.5 M 27 3.0 10 
14 9.0 M 40 1.5 5 
15 10.0 i 47 2.0 10 

j 16.0 KF 47 2.8 Av 8 Av 

4 13.8 EF 47 LS as) oS 7 
5 11.8 M 47 a f 8 


It should be noted that nearly all curves upon extrapolation to zero time 
g¢ ve a volume equivalent to 8 to 10 per cent of the body weight. This is close 
the blood volume of the dog, which is to be expected since whole blood was 
« inted. This close approximation of the blood volume by extrapolation is 
e denee that during the first five minutes the rate of disappearance is not 
) ch greater than the rate immediately after the five-minute point. 

The data obtained on the dog tissues are presented in Table II. Liver and 
een are by far the most active in removing both large and small gold 
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particles from blood. Eighty to ninety per cent of the injected dose was re- 
covered in these two organs as has been reported by many investigators. Per 
gram of tissue, the spleen takes up only one-half to one-fifth as much as the 
liver. The other phagocytic tissues like bone marrow and lymph nodes are 
much less active in the removal of gold particles from the blood. In two dogs 
the uptake of colloidal gold per gram of kidney and lung was found to be of 
approximately the same magnitude as that of bone marrow. Muscle, a tissue 
which has no known phagocytic action, did not pick up colloidal gold. The 
small amount of radioactivity present in that tissue can be easily accounted 
for by the blood in the sample. 
DISCUSSION 

The data presented in this paper confirm previous work by Sheppard 
and associates* to the extent that gold colloids are rapidly removed from the 
blood stream of dogs. In contrast to their studies, we found a definite de- 
pendency of the blood clearance rate on the size of the particle injected. In 
addition, we did not find “bumps” in the disappearance curves. This last differ- 
ence cannot be explained by the fact that our dogs were under Nembutal anes- 
thesia, whereas theirs were not anesthetized.* We performed experiments on 
several unanesthetized dogs which did not show irregularities in the disappear- 
ance curves. The only other obvious difference between their technique and ours 
is the preparation of the gold sol previous to injection. They used a sol prepared 
by the reduction of Au*** by ascorbie acid, whereas we used sols produced with 
yellow phosphorus and H,O.. Moreover, we mixed the gold sol with the dog’s 
own serum in vitro several minutes before injection. This was done in order to 
prevent the interaction of the gold particles with serum proteins simultaneously 
with their removal from the blood stream. We hoped that coating of the 
particles with serum proteins in vitro would make the effect of the rate of injec- 
ion on the resulting blood clearance curves of less importance. 

One of our observations would support the idea that serum protein-coated 

irticles are handled differently from particles coated with other materials. 
n one dog we injected a serum-coated gold sol, followed after two hours by a 
elatin-eoated gold sol, which in turn was followed two hours later by an oleic 
‘id-coated gold sol. The disappearance of the last two colloids was more rapid 
an the first, and in both cases definite bumps were observed twenty to fifty 
inutes after injection, whereas a smooth curve was observed for the serum- 
ated colloid. We have measured the blood clearance curves of serum-coated 
ld particles of different sizes twenty-three times, and have seen only smooth 
‘appearance curves. The problem of the influence of particle envelope on 
‘fate of injected colloids deserves further study. 

The shape of the blood disappearance curves of Fig. 1 deserves some com- 
nt. If the rate of removal of gold particles had been proportional to the con- 
itration of the particles in the blood, we should have obtained straight lines 
a semilogarithmic plot. It is obvious that the curves in Fig. 1 show definitely 


*In one of the experiments of Sheppard and associates,? a smooth curve was obtained. 
all others a marked irregularity occurred ten to thirty minutes after injection of the gold 
oid. 
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slower disappearance rates as time goes on. One might suggest that the reason 
for the slower rate ot disappearance at the later time intervals would be the 
gradual saturation of the mechanisms which are responsible for the removal of 
particulate matter. This hypothesis was tested by the repeated injection of 
radiogold colloids in the same animal. Three consecutive doses at two-hour 
intervals were given to two dogs, whereas one dog received four such doses. 
There appeared no evidence of reticuloendothelial block in any of the animals. 
Thus the explanation of the curvature of the semilogarithmic plots in Fig. 1 
must be sought elsewhere. A possible presence in our sols of small amounts 
of small particles, and the rapid initial removal of the large ones could account 
for the type of curve observed. The very flat portion of the curve as seen after 
the injection of large particles is in agreement with observations of Sheppard 
and associates.* They suggested that this may be due to the presence of some 
gold in the white cells which is not rapidly removed by the liver. We hope to 
explore this question with the autoradiographic technique 

The data obtained on tissues show that bone marrow takes up a relatively 
small amount of colloidal gold, and that both large and small particles are almost 
entirely removed from the blood stream by liver and spleen. Dobson and 
associates’ found that in the rabbit small particles of zireonium and yttrium 
oxides are largely sequestered by the bone marrow. This apparent diserepaney 
could easily be the result of the use of different colloids and animals in the two 


studies. 





SUMMARY 


It has been shown that relatively large colloidal gold particles were removed 
from the blood stream of dogs at a more rapid rate than the smaller ones. The 
liver and spleen took up 80 to 90 per cent of the injeeted gold independent of 


particle size within the range studied. 


The authors gratefully acknowledge the technical assistance of John C. Gallimore an 


are appreciative of the helpful discussions with Dr. C. W. Sheppard. 
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THE PREPARATION AND PARTICLE SIZE MEASUREMENT OF 
MONODISPERSE RADIOACTIVE GOLD COLLOIDS 

D. B. ZiLversMir, PH.D.,* GreorGe A. Boyp, M.S.,.** aNp MARSHALL Brucer, M.D. 

MEMPHIS, TENN. 


Penna in the biological distribution of radioactive colloids is rapidly 
increasing for three reasons: (1) the use of commercially prepared colloids 
for therapy, (2) the increasing use by science and industry of the many radio- 
active elements having natural colloidal tendencies, and (3) the increasing 
realization that supposedly truly ionic solutions used for tracer work in many 
cases contain radiocolloids. Many properties of the colloidal particle and its 
development no doubt influence the pattern of distribution in the living organ- 
ism. One property most readily studied is the particle size. Thus our first step 
in this general study was to investigate a method for particle size measurement 
simple enough to be carried out in a laboratory having a low-speed centrifuge. 
In this paper we shall present the results of an investigation of the centrifuge in 





the preparation of monodisperse radioactive gold colloids and the measurement 
of their particle size. 
METHODS 


Chemical Preparation of Gold Colloids.—Sixteen milligrams of gold foil containing 50 
to 100 me. of Au!98 were dissolved in 1 ml. of concentrated HCl to which two or three drops 
f concentrated HNO, had been added. The solution was heated in a boiling water bath 
and taken down to dryness under vacuum. ‘To remove the nitric acid, 1 ml. of concentrated 
[Cl was added, and the solution was again dried under vacuum. This last step was repeated 
mee more. Thirty-two milliliters of doubly distilled water, the second time in an all Pyrex 

ill, were added to make a stock solution of HAuCl, containing 0.5 mg. of Au per milliliter. 
To fifteen milliliters of the radiogold stock solution was then added 110 ml. of doubly 
istilled water, 3 ml. of 0.1ISN K,CO,, and 1 ml. of one-fifth saturated yellow phosphorus in 
hyl ether. After standing fifteen minutes the solution was boiled for two to three minutes, 
nd then oxygenated for one-half to one hour for the removal of the yellow phosphorus. These 
ls which were first prepared by Faraday! exhibited a wine-red color, were highly trans- 
rent, and showed no, or only a very faint, Tyndall effect. A discussion of the precautions 
cessary to obtain stable coiloids can be found in standard texts of colloid chemistry, as well 
in numerous published articles and reviews. In our experience the colloids made by the 
ve method have shown excellent stability for as long as observed (three to four weeks). 

In order to make gold particles of larger size, we added hydrogen peroxide and additional 

\uCl, to the above gold sol, using the particles of the latter as nuclei for the formation 
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of the larger particles. This procedure has been extensively investigated by Westgren? and 
others. The size of the resulting gold particles depends upon the relative number of gold 
nuclei in relation to the amount of gold chloride present for reduction. We found that a 
more stable gold sol was formed if the nuclei and H,O, were mixed first and the HAuCl, 
was subsequently added dropwise. In contrast to the phosphorus reduced sols, the ones 
produced with H,O, showed a poor stability, and they were ordinarily used within a few 
hours after preparation. 


f different methods have been used for 


Measurement of Particle Size-—A number ¢ 
the measurement of submicroscopic particles. The electron microscope makes it possible to 
visualize small particles, but this instrument is not generally available. Brownian motion 
as observed under a dark-field, or particle count with the ultramicroscope has served to 
measure the size of various colloids. The limitation here, of course, is the lower limit of 
resolution which even for the ultramicroseope is only 75 A. Unfortunately, the theory of 
light scattering by electrical conductors like gold has not been worked out to the extent that 
it could be used for the measurement of particle size. The osmotic pressure of gold colloids 
is too low to be accurately measured. Ultrafiltration has proved unsuccessful because of 
the strong absorption of gold particles onto the filter membranes. The only practical 
methods for the measurement of particle size which remain are the determination of the 
diffusion constant and sedimentation velocity. The ultracentrifuge has, of course, been 
extensively used for the measurement of molecular weights of large molecules. However, 
the particular advantage offered by this instrument, namely, the continuous recording of the 
sedimentation process, is made difficult by the slight difference between the refractive index 
of the solution and solvent in the case of gold colloids. Our attempt to measure the diffusion 


constant of colloidal gold with a Northrop diffusion cells failed because of the strong ad 





sorption of this material on the fritted glass dise. 

A simple and practical method for the determination of particle size is that of Bechold 
and Schlesinger.4 While they developed and used the method to measure the size of viruses, 
it seemed that the method could be readily adapted to measure the particle size of inorganic 
colloids such as gold. They used an ordinary low-speed centrifuge, and determined the 
sedimentation rate from the assumptions and the resulting equation given below: 

The assumptions are: (a) that the colloid is monodisperse, (b) that the particles are 
spherical, (¢) that enough vibrational agitation and convection currents are present to main 
tain a uniform concentration of particles throughout the supernatant, and (d) that the 
particles remain on the bottom of the tube once they have been deposited there. 

In order to satisfy the fourth requirement they placed in the bottom of the centrifugé 
tube a layer of kieselguhr, which held the virus after it had once been thrown down. 


Under these conditions the change in the concentration of the supernatant is given by 


_ ® 
Cnatin &™ (1) 
: 2 p2(a¢ — o’)w 
K = y (2) 
9 7 
C = concentration at time t 
C, = concentration at zero time 
R = distance from the axis of rotation to the top of the 
kieselguhr layer 
h = height of the solution above the kieselguhr 
p = radius of the particle 
o = density of the particle 
o’ = density of the solution 
» = angular velocity (radians/sec) of centrifugation 


= viscosity (poises) of the solution 
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A number of materials were tested to serve as particle traps since the presence of 
trivalent ions in kieselguhr might possibly influence the aggregation of the gold. Kleenex 
was entirely unsuitable because it coagulated the colloid. No. 1 Whatman filter paper has 
the same tendency to a lesser extent. Absorbent cotton did not hold the particles tightly 
enough. No. 40 Whatman paper, when made into a pulp by boiling it with water, seemed 
to serve the purpose best. This paper did not visibly produce any coagulation of the colloid, 
but the fiber did seem to trap the colloid on its surface. The necessity of using a layer of 
filter paper on the bottom of the tube was demonstrated by centrifuging the same colloid 
with and without a particle trap. The concentration of the colloid centrifuged with filter 
paper decreased 50 per cent in radioactivity in one hour, whereas the same colloid centrifuged 
in a plain tube lost only 1 per cent. 

The assumption that no concentration gradient exists in the supernatant fluid was 
tested after a five-hour centrifugation period by external counting of the centrifuge tube 
filled with radioactive colloid. By counting at different heights above the filter paper it was 


found that the concentration of colloid was the same at all levels of the tube. 


Another test of the method was made in the following way. The same colloid was 
centrifuged in a 10 ml. Lusteroid tube (R = 18.5 em., h = 8 em.) at 3,500 r.p.m. and 
in a 100 ml. Lusteroid tube (R — 27 cm., h = 13.5 em.) at 2,000 r.p.m. The curve ob 


tained from the first set of conditions gave a particle radius of 4.45 mu. The second set 
of conditions gave a particle radius of 4.47 mu. This shows that within the above limits 
the results do not depend on the length and cross section of the tube or the speed of rotation. 

In Fig. 1 some typical centrifugation curves are presented. The numbers at the end of 

each curve indicate the measured diameter in mu. The monodisperse colloids give straight lines 
on a semilogarithmic plot. To make certain of the monodispersity, one should continue to 
centrifuge until practically all particles have precipitated. The curves labeled ‘‘ polydisperse ’’ 
show that an appreciable percentage of larger particles were present. The degree of poly 
lispersity can be estimated from the extrapolation of the late portion of the curve back to 
ero time. The ratio of this extrapolated value and the zero time concentration is the fraction 

‘ the colloid which is present in the form of small particles. Approximately 75 per cent of 

ose colloids presented by the two polydisperse eurves of Fig. 1, consists of 9 my and 10.5 

u particles. Thus a monodisperse colloid can be prepared by a one- to two-hour centrifuga 

m. Consequently the same method can be used for the preparation as well as for the 

easurement of particle size of monodisperse gold colloids. 

The top three curves of Fig. 1 give some idea about the sensitivity of the procedure. 
ree sols with a particle diameter difference of only 15 per cent are represented by three 
rves with distinctly different slopes. The next two curves below show the effect of speed 
centrifugation, A particle ‘‘A’’ with twice the diameter of ‘‘B’’ will give the same slope 
‘A’? at half the speed of rotation. The lower two curves show the effect of gelatin upon 

sedimentation rate. The same colloid was centrifuged with and without added gelatin. 
gelatin-stabilized colloid settles much s!ower than the unstabilized colloid. The probable 
son for the difference is an increased viscosity of the liquid and a decreased density of the 
l-protein complex. 

A further check on the reliability of the particle diameter obtained by the method was 
le by comparing the diameters of a number of gold particles where the larger size was 
vn from the smaller by the addition of HAuCl, and H,O,. To a mixture of radioactive 
1 nuclei of known particle size and a few drops of H,O, was slowly added a known amount 
HAuCl, under constant shaking. The resulting sol was centrifuged and the particle size 


sured. 


Where Au, = amount by weight of gold in nuclear fluid 


Au, = added gold by weight (as chloride) 
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HOURS OF CENTRIFUGATION 


Fig. 1.—A semilogarithmic plot of the concentration of Au during centrifugation. The nu 
bers on the right of the curves are the measured particle diameters. 
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d = density of gold 
r, — radius of gold nuclei 
r, — radius of final gold particles 


No. of gold nuclei ose: 
No. of gold nuclei = F - 
= 4/3 w T,° d 


’ ; Au, + Au, 
No. of final gold particles me . (4) 
4/3 77.3 d 


If each gold nucleus produces one larger gold particle and no additional nuclei are 


formed during the growing procedure, then the number of particles must remain constant. 


This yields the following relation: 


r; rs Au, 
Au, + Au, 


In Table I we have used Equation 5 to calculate the diameter of the smaller particles from 


the next larger ones. 


> 
TABLE | 
0.5 MG. 1.5 MG. 
Aut INTERMEDIATE ut? LARGE 
SMALL GOLD ——> GOLD —> GOLD 
PARTICLES H,05 PARTICLES H,0. PARTICLES 
Measured 8.9 29 +4 
diameter my 
Caleulated 12.8 28 $4 
diameter mu 
No particles per Cal x 10 2 3 10? 2.3 x 10” 


milliliter 


This table shows that if we assume the measured diameter of the 44 mu gold particles 
) be the ‘‘true’’ diameter, then the measured diameter of 29 mu agrees quite closely with the 
ilculated one (28 mu). However, in the calculation of the small particles’ size a dis 
epancy occurs in the measured and calculated diameters. The measured diameter is less 
an the calculated diameter and consequently it appears that there are more sinall particles 
an large ones. In an additional experiment nuclei of 10.6 mu diameter were grown with 
) mg. of Au to particles of 47 mu diameter. Again the number of nuclei was found to be 
‘ee times as large as that of the larger particles. 

There are several possible explanations for the discrepancy. It is possible that the 
er paper is not an efficient trap for the smallest particles. The discrepancy could be 
irely explained if 50 per cent of the particles that sediment during a given time were 
-ased back into the supernatant. Another explanation could be that nuclei of less than ten 
diameter coalesced during the growth of larger particles. A third mechanism, that of 
lration to decrease the density of the particles, could explain the discrepancy only in part. 
rough caleulation shows that in order to lower the density sufficiently a water envelope of 
‘e than ten layers of water molecules would be required, which is very unlikely. 

If the diameter of the smallest particles is recaleulated on the assumption that the true 
iber of particles per milliliter is 2 x 10", instead of 6.7 x 10”, one finds that the small 
ticles whose measured diameter is between 9 and 11 mp may in reality have a diameter of 
to 16 mu. It should be noted that this is not serious for the interpretation of results to be 
sented in the following paper. 
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SUMMARY 


A method is presented whereby monodisperse radioactive gold sols ean be 
prepared and their particle size measured by means of a low-speed centrifuge. 
The procedure is simple enough to be used routinely in the characterization of 
radioactive materials before their administration to patients or animals. 


The authors gratefully acknowledge the technical assistance of John C. Gallimore. 
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MENTAL SYMPTOMS FROM MYXEDEMA 


RUTLEDGE MILLER, M.D. 
ANN Arpor, MICH. 


T IS a well-known and accepted fact that personality changes are common in 

persons with myxedema. These changes are often obvious, and many physi- 
clans have seen patients whose social conduct, work habits, and family relations 
have shown pronounced deviation from their normal behavior pattern. The 
response of such a person to the proper use of thyroid therapy is sometimes 
dramatic. While most physicians know that dullness and poor memory may 
accompany myxedema, few realize that frank psychosis may occur. It is the 
purpose of this paper to report two patients with myxedema whose personality 
changes were so severe that they were committed to mental institutions with 
diagnoses of definite psychoses. 

The medical literature has little to say concerning myxedema accompanied 
hy severe mental svmptoms. Most texts usually omit any mention of personality 
changes except to state that such patients may be sluggish or somewhat slow in 
their mental processes. Asher’ points out the sparsity of information on this 
subjeet and reports on fourteen patients on mental wards in English hospitals 
who were cured of their “insanity” by the use of desiccated thyroid. All of his 
cases were shown to be myxedematous. Ruhberg, Stoll, Zondek and Wolf- 
sohn,* * 7 and others have also reported isolated cases of similar cireumstance. 

The committee of the Clinieal Society of London reported in 1888, after 
five vears of study, that “insanity” was not uncommon in myxedema. They 
further reported that the manifestations followed no set pattern, but that reae- 
tions tended to follow previous personality patterns of the individual patients. 
It was found, however, that melancholia was frequent, as was mania, and that 
patients showed traits of marked suspicion and self accusation. 

Differential diagnosis is somewhat difficult at times. Asher points out, as 
does Youmans and Riven,* that mental and nervous symptoms may dominate the 
piture before myxedematous features appear. In eases of severe mental dis- 
turbanee the value of physical examination and determinations of basal metabolic 
rae are of questionable value because of poor cooperation, misleading responses, 
an | undue excitement. 

CASE REPORTS 


CASE 1.—M. H., a 26-year-old white married woman, was admitted to a Michigan state 


ho ital with a diagnosis from the certifying physicians of manie depressive state. She 
all sedly had been well until five months prior to admission when she consulted her family 
ph. sician because of her discovery of a small nodule in the region of the thyroid. She was 
ser by her physician to a regional hospital center where a biopsy of a cervical node was 
pe: ormed and a pathologie diagnosis of metastatic carcinoma was made. Following other 
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studies, including a basal metabolic rate of plus 1 per cent, a radical neck dissection with 
total thyroidectomy Was performed. The preoperative impression ot primary carcinoma 
of the thyroid was confirmed. Her postoperative course Was uneventful except for minimal 
signs of tetany which were easily controlled with calcium administration. She was sent 
home on dihydrotachysteroi and caleium and did quite well for several weeks. She was 
taught to run her own Sulkowitch urine tests, and serum calcium determinations were done 
occasionally and were always at satisfactory levels. 

Shortly following operation she was told that she had had a malignant lesion, but 
was reassured by the attending surgeons that her chances for complete and lasting recovery 
were excellent. However, she soon began to show signs of concern and, according to the 
family, became quite moody and brooded considerably over this diagnosis. At no time 
during the five-month interval between surgery and her admission to this mental institu 
tion did she have a basal metabolic rate, serum cholesterol, or any other metabolie study 
except the serum calcium determinations. During this time she became progressively) 
more morose, inactive, uncommunicative, and, as her family described it, ‘‘extremel) 
depressed.’’ At the suggestion of the family physician, and with the consent of the 
patient’s family, committment proceedings were undertaken and she was admitted to this 
mental institution five months following surgery. 

She was seen by a resident psychiatrist who tentatively agreed with the admitting 
diagnosis of manie depressive state in depressive phase. She was seen two days later by) 
the medical consultant at the hospital in regard to her parathyroid medication. It was 
his impression at the time that the thyroid status should be investigated, despite the fact 
that she was in no way a typical case of myxedema. She demonstrated lack of interest 
in her surroundings; guilt feelings about her poor housekeeping and about absence of 
sexual interest in her husband. In connection with the latter she had strong suspicions 
regarding her husband’s fidelity. 

Physical examination showed a pale dry skin and possible decrease in thickness ot 
the eyebrows. The blood pressure was 95/65, right arm reclining, and the pulse was 60 per 
minute. Findings otherwise were considered to be normal. 

The basal metabolic rate at the time of admission was minus 39 per cent, and the 
serum cholesterol was 395 mg. per cent. An electrocardiogram was not remarkable excep! 
for generally decreased amplitude. Routine blood and urine studies were normal, A serum 


calcium could not be done at the institution laboratory. 


The patient was started on desiccated thyroid in the amount of 0.1 Gm. 
daily and was continued on parathyroid replacement which consisted at that 
time of dihydrotachysterol in the amount of 2.5 mg. twice weekly and supp! 
mental calcium salts. During the first two weeks in the hospital the patient 1 

ceived no psychiatric treatment, but continued to take the medications listed 
above. During her early days in the institution she presented typical symptoms 
ot depression. Her time was spent sitting in a chair, taking an interest in not 
ing, and erying frequently. She refused occupational therapy, and deelit 
to help with housekeeping duties on her ward. This attitude began to chan 
however, after only ten days of thyroid administration. She became more al 
and gradually developed an interest in her surroundings and the proffered acti 
ties. Interview by the ward psychiatrist at the end of two weeks also showed i 
pressive improvement in her general condition. A repeat basal metabolism 
that time was minus 17 per cent. A repeat cholesterol was 290 mg. per ce 
She was continued on desiccated thyroid for another two-week period dur 
which time no psychotherapy was given. At the end of that time, one mo! 
after the beginning of treatment with desiccated thyroid, the basal metab 


y 

































in 































t] 
t\ 




















ac 
























the 


as) 











cent, and she continues on 0.1 Gm. of desiccated thyroid daily. 
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rate Was minus 8 per cent, and the cholesterol was 225 mg. per cent. Her pulse 
rate was then 70 per minute, and the blood pressure was 105/70, right arm reelin- 
ing. Despite a definite increase in appetite, she had lost 4 pounds in weight. 


The patient was then presented in psychiatric staff conference and all pres- 


ent agreed that she was mentally normal in so far as could be determined. At 
this time she was taking a full and active part in occupational therapy courses, 
helped on the ward, and worked in the cafeteria during meal hours. Above all, 
she had an excellent insight into her past depression which is not a part of the 
pieture of psychotic depressions. Neither did she show any symptoms of being 


a mani¢ phase, which might be expected to follow depression in a true manic 


depressive state. It was the impression of all concerned with her case that the 
past svmptoms likely were due to a metabolic disturbance, i.e., myxedema. She 
was discharged to her home several weeks later, apparently normal in all re- 
spects. She is being followed in the outpatient department by the hospital 
psychiatrist and now, six months after discharge, is still doing very well. Re- 
ports from her family state that she seems completely adjusted. Her latest basal 
me 


tabolie determination, nine months after start of treatment, was plus 10 per 


CASE 2.—H. D., a 35-year-old white married man, was considered a very promising busi- 


ness executive until six months prior to his admission to a mental hospital. However, in the 
several months preceding his admission, his behavior, appearance, and work efficiency so 
deteriorated that he was suspected of drinking to excess, using drugs, or being mentally ill. 
Various treatment by his physician failed to improve this condition, Eventually, he was 
diagnosed as being in an acute depressive state and was committed to a mental institution on 
a temporary court order. 


Again myxedema was considered as a diagnosis and confirmed by a basal 


metabolie determination of minus 41 per cent and a serum cholesterol of 405 mg. 
per 
and the patient showed rapid response, with disappearance of all symptoms at 
‘end of eight weeks. Basal metabolic rate and serum cholesterol level both 
re'urned to within normal limits after twenty weeks of therapy. The patient is 
nos 


eent. Desiceated thyroid was prescribed in the amount of 0.1 Gm. daily, 


vy back at his former position and doing excellent work while continuing on 


above dosage of desiccated thyroid. This patient also failed to show either 
ical myxedematous appearance or other physical signs. His general physieal 
dition would have been considered to be within normal limits. 


DISCUSSION 
As mentioned earlier, it is well known that personality changes occur in 
cedema. Nor is it unusual for persons with hypothyroidism to be seen by 
ate psychiatrists because of their behavior changes which are suspected as 
” on a psychotie basis. Such physicians not uncommonly observe persons 
depression, paranoid ideas, and guilt feelings who respond dramatically to 
oid therapy. One such person, seen in private practice by E. Wright, was 
ung married woman with a very compulsive, driving personality. With 
mset of thyroid deficiency she found that she lacked the energy, enthusi- 
and ambition to continue her very active life, which fact caused her to 
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feel quite depressed and also brought forth guilt feeling because she was un- 
able to maintain her home as she would have liked. She further accused her 
husband of infidelity, which was not the case, possibly because she herself had 





no sexual interest in him. Thyroid therapy promptly relieved all symptoms. 

It is admitted that the patients reported here were not undeniably proved 
to have had their symptoms on a basis of thyroid deficiency alone. To complete 
the postulates necessary for final proot, one would have had to remove such 
patients from thyroid to see if a remission occurred and then to treat them 
again. This was considered, but the potential danger to the patient inherent 
in such a program did not seem to justify this test. In view, however, of the 
prompt improvement on desiccated thyroid without psychotherapy, and in the 
absence of other causative factors which might have caused true psychotie epi 
sodes, all concerned were agreed that thyroid deficiency was the most likely 
cause of the condition. Asher’ reached the same conelusions with his patients 


who responded only with thyroid after many other treatments had failed. 


SUMMARY 


Two cases of “mentally ill” patients are presented. They were promptly re 
lieved of their psychoses by thyroid administration, and are considered to have 
been myxedematous. Physicians should keep in mind the possibility of frank or 
masked myxedema in patients with drastic personality changes or in those sus 


pected of having a true psychosis. 
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EFFECTS OF DIALYZER CONSTRUCTION ON TRANSFER RATES 
RicHarp H. Graunam,* B.S., AND THERESA P. RADERMACHER, B.S. 
MILWAUKEE, WIs. 


INTRODUCTION 
Tt. EVALUATE the efficiencies of several structurally different dialyzers. 
transfer rates of the sugar, dextrose, were observed under varying conditions. 
Dialyzers have proved useful in chemistry for separating substances of different 
molecular weights and in medicine as artificial kidneys for removing waste 
materials from blood. 

The phenomenon of dialysis was discovered by T. Graham! in 1861 using 
sheets of parchment, and at that early date he successfully dialyzed urine to 
separate its crystalloid components. Early investigators? met with difficulties 
due to nonuniform membranes, and it was not until the development of cello- 
phane sheets, and later tubing, that the application of this phenomena became 
common. With the development of suitable blood anticoagulants, medical 
dialyzers soon appeared. 


Transfer rates of single-pass continuous dialyzers have been reported*® with 


‘formation applicable to such processes as beet-sugar refining and recovery of 
eaustie soda from hemicellulose for the chemical industries. 

Transter rates of substances of interest in medical dialyzers have been 
reported by Alwall and associates,t Merrill and associates,’ and Kolff,® but it 
wos felt desirable to determine batchwise transfer rates in vitro for dialyzers of 
d: ‘erent designs and to develop a standard test for comparison of instruments 
ar! evaluation of design variables. 

Recently Wolf, Remp, Kiley, and Currie’ have published a concise perform- 
a! e study on the Kolff-type rotating dialyzer which tabulates transfer rates of 
my substances in that particular type, and observes several operating param- 
et. s peeuliar to that instrument which are variant with dialyzer design. 

The two medical dialyzers studied here were both built to the design of Dr. 
Wem J. Kolff of the Cleveland Clinic, who was one of the first investigators to 
de lop the first clinical instruments. One unit employed the countercurrent 
flo prineiple with the dialysate solution (solution initially containing the sub- 
Sts ce to be recovered) flowing through a flattened cellophane tube surrounded 
“rom the Research Division Allis-Chalmers Manufacturing Co. 
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in a small chamber by the rinsing solution (solution into which the substance 
will diffuse) flowing in the opposite direction. A second unit employed a rotating 
drum on which the cellophane tubing containing the dialysate solution was 
wound in a spiral. This drum was partially immersed in a tank containing the 
rinsing solution. 

A simplified vertical dialyzer consisting of a length of cellophane tubing eon- 
taining the dialysate solution suspended in a glass tube containing the rinsing 
solution was constructed to evaluate the technique and to check osmotie pres- 
sures. 

Dextrose was chosen as the diffusing substance because of a molecular weight 
similar to urea and creatinine and ease of measurement of concentration due to 
its optical activity. 

EXPERIMENTAL 

Membrane.—The dialyzing membrane was in all cases 20/32 ineh inner 
diameter inflated, Visking tubing manufactured by the Visking Corporation of 
Chicago, Ill. This tubing is produced by the regeneration of cellulose from 
viscose. Pore diameters of cellophane sheets produced by similar means have 
been reported as between 25 and 50 Angstrom units.* This would preclude 
diffusion of most substances of molecular weights greater than 100,000, and de 
pending on the structure of the molecule, the weight limit may be much lower. 
In a study of dialysis of substances known to form colloidal sols through Visking 
tubing, Thor* has reported that Bacto peptone and Dextrine diffused, but that 
egg albumin sol gave only a doubtful trace indication of diffusion at pH 8.7 
and serum albumin sol no indication. The diameter of a dispersed particle of 
egg albumin is 40 A,° and this may support the above conjecture as to pore size. 
Recently, Philipp and Bjork’® have reported a pore radius of 24.5 A for No. 600 
gel cellophane. 

Osmolarity—Osmotie equilibrium was approached by adding 5 Gm. of 
magnesium sulfate per hundred milliliters of distilled water (rinsing solutiot 
to balance the osmotic pressure of 20 Gm. of dextrose per hundred milliliters of 
dialysate solution. Due to the difference in diffusion coefficients between tie 
two, the rinsing solution varied slightly from the isotonie condition during t'e 
runs, but volume differentials were not excessive. The reproductibility of 1 
experiment was first checked by repeating identical runs on a simple vertic ! 
dialyzer shown in Fig. 1. 

Preparation of Solutions and Polarimeter Technique.—The dextrose si 
tion was made by adding 300 Gm. of dextrose to approximately 1,200 ¢.c. 1 
distilled water. When the dextrose was fully dissolved the volume was measur 4 
and distilled water added until the total volume reached 1,500 ¢.c. Two or th 
drops of HgCl. were added to the dextrose solution to inhibit bacterial act 
Dextrose solutions were always made up the day before they were to be used 
it was found that it took some time for the optical activity of the solutior 
reach equilibrium. The MgSO, was made by adding 20 Gm. of MgSO, for « 
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100 ¢.c. of the final volume to a volume of water somewhat less than the desired 
final volume. After the MgSO, erystals were dissolved, water was added until 
the desired volume was reached. 

At regular intervals the quantity of dextrose which had dialyzed through 
the membrane was determined by means of polarimetry. The sample of the 
dextrose solution was taken from the system after it had passed through the 
dialyzer and before it was returned to the reservoir. The polarimeter sample 
holder was filled with the dextrose solution, and the rotational value was read 
from the polarimeter. By comparing this value with the rotational value of two 
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Fig. | 1.—Vertical dialyzer. 








lions of known concentration, the weight of the dextrose in the solution was 
« \puted. In this case the reference solutions were distilled water and a solu- 


t of dextrose having a concentration of 20 Gm. of dextrose per 100 ¢.c. of 
Ss; ‘tion. Readings for each sample were taken three times, and the average 
rte ling was used for computations. Data from a sample run are tabulated in 
F. 8. Computed completion was caleulated from the condition of diffusion 


€> librium of the sugar. After an initial pH shitt from 5.5 to 6.2, the dextrose 
so tlon remained in the range of pH 6.2 to 6.44 during the tests. 
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Vertical Dialyzer.—A tube of Visking Cellophane membrane, 5% inch outer 
diameter inflated, was sealed at its lower end to contain the dialysate solution. 
This in turn was suspended in a glass tube 1 inch inner diameter, thus containing 
the rinsing solution in an annular chamber. Agitation was secured by bubbling 
air slowly through the rinsing solution. The bubbles massaged the Visking dur- 
ing their passage up through the fluid. Samples of rinsing solutions were 
drained off periodically to check optical activity, and then returned to the 
chamber. 

Results of these tests showed the experimental variation to be within + 11 
per cent. Reproductibility is within limits imposed by variations in membrane 
samples, rates of agitation, ambient temperature variations, and other experi- 


mental errors. 


DIAL INSING 
SOLUTION SOLUTION 


FLOWMETER 


Fig. 2.—-Flat-plate dialyzer. 


Flat Plate Dialyzer.—Constructional details of a flat plate dialyzer de- 
veloped by Wolff are shown in Fig. 2. In this type, the dialyzing membrane, 
again Visking tubine 5g inch outer diameter inflated, was used, although the 
unit had been designed for a slightly larger tubing (34/32 inch flat Visking). 

The membrane was suspended in a horizontal position in Lucite bloeks with 
raised teeth to permit turbulent flow of the rinsing solution on top and bottom 


IS 


of the flattened tubing. The dialysate solution was passed through the tubi 
countercurrent to the surrounding rinsing solution. Manometers were attached 
to the system to measure pressure drops of dialysate and rinsing solutions thro’ 
the dialyzer and also intraluminal pressure differentials. Rinsing solution 
rates were 400 milliliters per minute in all eases. The cross-sectional area of 
channels was approximately 5.26 square centimeters. Five channels stac 
one above the other were connected in series. 

Rotating Dialyzer.—F ig. 3 shows construction of the Allis-Chalmers K 
type rotating medical dialyzer employing 165 feet of 5g-inch Visking tubin; +s 
the dialyzing membrane wound in a spiral on a stainless steel drum whic 
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Fig. 4.—Comparison of per cent completion. 
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rotated in the rinsing solution. The dialysate solution travels through the mem- 
brane tubing by the action of the Archimedes spiral, and is then pumped back 
into a reservoir. The reel diameter is 42 centimeters, and 34.2 per cent of its 


circumference is submerged. 
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Fig. 5.—Calculated and experimental rates for three dialyzer types. 


Relative Efficiencies —The relative efficiencies of the three types of dialyze 
are shown in Figs. 4 and 5. It will be noted that dialysate solution volumes t 
the rotating and flat-plate dialyzers were identical. In all cases, dextrose init 






concentrations in the dialysate solution and magnesium sulfate in the rinsi 





solution were the same. 








The data, as expected, varied as a natural logarithmic function similar 





variations encountered in growth and decay functions such as radioactive dec: 
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This was beeause the diffusing substance created successively smaller concentra- 
tion differentials until equilibrium was reached. This permitted use of an ex- 
ponential equation of the type: 
N = N,e** 

From the data average rate coefficients « were caleulated for the different 

types of dialyzers for use in the formula: 
C = C, (1-e#t) 

Where 


C — Coneentration of diffusing substance in rinsing solution at time t. 


C,. = Equilibrium concentration 

uu = vate coefficient 

t = time 

TABLE I 
BH (MIN.-1) T (MIN.) 

Rotating dialyzer 0.0169 4] 
Flat plate dialyzer 0.0068 102 
Vertical dialyzer 0.0094 74 


The data give empirical rate coefficients as shown in Table I. 

The half time T is the time in which half of a given mass of dextrose will 
be transferred from dialysate solution to rinsing solution. The half time T rela- 
tionship between the rotating dialyzer and the flat plate dialyzer for dextrose 
is an indication of relative rates of transfer of other substances. 

A comparison of the rate coefficients and half times of the other two types 
ith the vertical dialyzer must take into consideration the fact that the dialysate 
lution volume is only 200 ml., as compared with 1,500 ml. for the others. This 
ans that much less mass of material ean be transferred through the wall per 

t time, as evidenced by Fig. 5. 

Calculated Transfer Rates.—Fig. 5 shows rates of mass transfer in the 
lvzers for three-hour runs with experimental data plotted in conjunction 
h curves calculated from the empirical rate coefficients listed in Table I. 
se agreement is shown. Dialysis lasting longer than three hours showed a 
arture from the exponential with curves flattening out at lower levels than 
se calculated. Since three-hour runs accounted for transfer of over 50 per 
t of the mass of the dialyzing substance for the flat plate dialyzer and 90 per 
t for the rotating model, averaging at the rate coefficients over this period 

telt to be adequate. 

Effects of Membrane Area.—The effects of area of the dialyzing membrane 

‘ates of dialysis in the flat plate dialyzer are shown in Table Il. Caleulation 
© he rate coefficients of the unit with varying membrane area shows close to a 

w relationship. Varying numbers of stages were employed with the unused 

© nnels blocked off. 
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TABLE IT 


NUMBER OF 


AREA (CM.2) STAGES fe MIN.-1 x x 10-6 CM.-2 MIN.-1 
2045 5 0.00673 3.29 
227 4 0.00429 2.49 
409 ] 0.00140 3.43 
X average — 3.40 
The rate coefficient of this dialyzer can be expressed then as » = XA 


(where A area) with X average being used for the calculation. 

To achieve a transfer rate coefficient comparable to the rotating type at 
identical flow rates (in this case 200 milliliters per minute) if the extrapolation 
to greater areas is valid, which it would appear to be, an area of 4,930 square 
centimeters would be required. This compares favorably with the 15,863 square 
centimeters used in the rotating type, pointing to the efficieney of the counter 


current system. 
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Fig. 6.—Mass transfer per unit area vs. time. 





The relative efficiencies of the three dialyzers per unit area of membra1 
are shown in Fig. 6. This emphasizes the fact that the countereurrent fl 
type is by far the most efficient. The small vertical type with only gentle agit 
tion of the solutions is more efficient than the rotating drum type with mu 
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more agitation. This suggests that the area on the drum not immersed in the 
rinsing solution is not effective in dialysis. Previously it was felt that with a 
rotation of eighteen revolutions per minute of the drum (a speed which produces 
smooth action of the Archimedes spiral in fluid transfer, although slightly 
ereater speeds of rotation have been used) the upper portion would be 
sufficiently wet with rinsing solution for that membrane area to act as if 
immersed in the solution. 
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Fig. 7.—Iffect of varying rinsing solution volumes on rates of dialysis. 


The significance of the data shown in Fig. 6 should be emphasized. It is of 
mary importance in designing dialyzers to choose a method producing highest 
nsfer rates with minimum size and maximum ease of operation. Over-all size 
renerally proportional to dialyzing area, and Fig. 6 shows that for one-hour 
‘rations the flat plate dialyzer is 3.75 times more efficient than the rotating 
per unit area of membrane, 4.18 times after two hours, and 4.55 times 
er three hours. 
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This points to the efficiency of countercurrent flow and the necessity of 


further investigation of increased agitation at the membrane faces to secure even 
more rapid transfer rates. Total immersion is also indicated by comparison of 
the rotating with both other types. 

Intraluminal Pressure and Dialysate Flow Rates—Two additional phe- 
nomena of extreme importance to dialyzer design were studied, namely, effects 


of intraluminal pressure and dialysate solution flow rates. 





DEXTROSE 

TIME © ROTATION 4 COMPLETION I Eg tig 
Min. R. Ro Ra Ave. R. Computed 

0 4 Pa 21.8 21.4 21.6 0,0 0 
30 16.6 16.5 16.6 16.57 26.7 68 
60 14.75 14.9 14.4 14.68 36.2 96 
75 13.9 13.75 13.85 13.83 41.2 108 
120 11.2 11.3 11.25 11.25 54.8 144 
150 2.5 9.6 9.7 9.6 63.7 166 
180 8.6 8.45 8.75 8.6 68.8 180 
210 8.2 8.25 8.1 8.18 74.2 187 
240 tee 7.6 Pe 7.38 75.3 198 
270 7.0 6.9 6.7 6.9 us 204 
300 6.0 6.1 6.25 6.12 82 215 


COMPUTED COMPLETION - 2.61 gm/100 cc.= 2.72 Rot. 


Fig. &8.—Typical data sheet. 


Several investigators have felt that rates of transfer were accelerated b 
applying a pressure differential from the dialysate solution to the rinsing solutio1 
In the experiments with dextrose, differentials from 0 to 200 mm. He wei 
applied in the flat plate dialyzer, with no apparent increase in transfer rate 
There seems no reason to believe that the transfer rates of other materials i 
solution would be affected by pressure differentials, the rates being depende: 
basically on concentration gradients and diffusion coefficients. Fluid transi 
through the membrane was not obviously influenced by pressure differentia! 

Measurements of dextrose transfer rates at varying dialysate solution flo 
‘ates showed that in the case of the flat plate dialyzer saturation of the transtf« 
rates had been reached below the lowest flows measured, 25 milliliters p: 
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minute, and nothing was gained by increased flow rates; indeed, slight de- 
creases in transfer rates were observed. 
a batehwise measurement, not a measurement of the ratio of dialyzer outlet con- 


centration to inlet 


varies directly with flow rates, relatively more substance being removed with 


slower flow rates. 
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It must be emphasized that this was 


This ratio, similar to the extraction ratio, 
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Fig. 9.—Comparison of rates of dialysis for dextrose and sucrose. 


One of the important factors in batehwise dialysis is the number of passes 
total dialysate volume makes through the instrument. If all of the dialysate 

ution has circulated several times during the period, increased flow rates 
\ ould have been of little advantage. This means that for any given dialysate 
S ution volume, there is a flow rate for that solution in batechwise dialysis above 
\ ‘ich no increase in transfer rates are obtained. This may be considered the 


S: uration flow rate. 


Presumably this same saturation flow rate phenomena is operative in other 


c 


lyzer designs. 


Volume Ratios.—Variations in transter rates with changes in rinsing solu- 


tn are shown in Fig. 7. 


A point of diminishing return is quickly reached in 
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increasing the ratio of rinsing solution to dialysate solution. The rate coefficient 


formula: 


e= (, (1-e-#t) 


« 


The above was extended to inelude volume relationships as follows: 


an Vv} il cel 
M CV | yiuav 1-< 
M = Mass of dialyzed substance transferred to rinsing solution at time t 
(grams), where ¢ = initial concentration of substances in dialysate solution 
(grams liters) 
V = Dialysate solution volume (liters) 


Vv! Rinsing solution volume (liters) 
Ll Rate coefficient (minutes ) 


t — Time (minutes 

This formula was used to calculate transfer gains achieved by increasing 
rinsing solution volumes (dialysate solution volume was constant at 1.5 liters). 
It is evident that for dialysis of three hours or less, little is gained by a rinsing 
solution volume in excess of four times the dialysate volume. This is dependent 
on concentration gradients or rate of rinsing solution saturation. This is a 
crude approximation as « varies with volume ratio. 

The formula was checked experimentally but does not agree too closely for 
the flat plate type; however, it does serve to indicate that indefinite increase of 
rinsing solution to dialysate solution volume ratio is not in order in short period 
bateh dialysis. 

Rates of Various Substances—No investigation was made of the transfer 
rates of the many substances other than dextrose separable by dialysis, with one 
exception. A comparison of the typical rates of two substances, i.e., dextrose 
and sucrose, is shown in Fig. 9. This relationship is probably primarily depend- 
ent on the molecular diameter of the hydrated molecule. 

The larger molecule sucrose, a disaccharide, diffused into the rinsing solu- 
tion more slowly than the monosaccharide dextrose. 

Rates of transfer of materials of medical interest through the rotating 
dialyzer have been reported.’ 


SUMMARY AND CONCLUSIONS 

The two medical dialyzers studied represent a marked contribution t 
medical physics of their designer, Dr. Willem J. Kolff of the Cleveland Clinic. 

This investigation studied these two units in an attempt to isolate the 
variables affecting efficiencies of dialyzers in general, and point out those factors 
which will be important in design of future units. 

The conclusions are as follows: (a) for a given area of dialyzing mem 
brane, the countercurrent flow type appears most efficient (Fig. 6). (b) O 
the three dialyzers studied in their normal operating condition, the rotatin: 
type transfers the most diffusate in a given time (Fig. 5). (¢) High dialysat 
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solution flow rates may not be required. This must be modified according to 
dialysate solution volume and time of dialysis. (d) No inereases in transfer 
rates are apparent with intraluminal pressure differentials of up to 200 mm. Hg. 
(e) Caleulation of rinsing solution volumes should consider dialysate volume, 
dialyzer transfer rates, and time of dialysis. Reasonably rapid transfer rates 
can be obtained without excessive rinsing solution volumes (Fig. 7). (f) In 
the flat plate dialyzer, transfer rates vary linearly with area. (g) Empirical 
rate coefficients allow calculation of mass transfer during dialysis (Fig. 5). 

Further investigation may relate transfer rates to molecular weight and 
size to allow prediction of these rates without experimental measurements. 
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es A previous paper,’ the histochemical characterization of normal hyaline 
cartilage obtained from experimental animals was described. It is proposed 
in a series of additional studies to characterize hyaline cartilage of human 
patients. These cartilages were obtained from a number of patients with varied 
diseases. Regrettably, we do not vet have data on hyaline cartilage from normal 
human subjects which would provide a base line from which to measure the 
alterations found in these diseases. We do have, however, data on young 
normal puppy cartilages, and from these data certain tentative conjectures of 
value may be reasonably made, since we have found from chemical studies on 





the soft tissues of the dog? that such soft tissues are very similar in composition 
to those of the human being. Fully realizing the limitations of such postulations, 
we plan to obtain and study the cartilage from normal human subjects as soon 
as practicable. 

In the preceding paper! the quantitative amounts and distribution of water, 
electrolytes, connective tissue, and chondroitin sulfate of the hyaline cartilage 
of normal puppies were given. The purpose of the present paper is to formulat 
similar quantitative data on the hyaline cartilages removed from the joint 
surfaces of poliomyelitis patients at the time of yarious reconstructive proce 
dures. These data have been interpreted histochemically and are believed t 
provide a first approximation of: (1) the relative mass of fibrillary materia 
chondroitin sulfate, and chondrocytes; and (2) their distribution and the dis 
tribution of water and electrolytes in the intra- and extracellular compartment: 

The electrolyte content of human eartilage has not been studied compr 
hensively in the past, and no data on the chemical characteristics of cartilage 
removed from poliomyelitis patients could be found in the literature. T! 
available data on the chemical analyses of cartilage have been summarized in t! 
previous paper.’ 

METHODS AND PROCEDURES 

Thirteen cartilage specimens were available for analysis: seven from the foot; 
from the ankle; two from the knee; and three from the shoulder. The tissues were remo\ 
at the time of operation and placed immediately in a glass-stoppered jar. Usually the sp: 
men consisted of hyaline cartilage and articular cortices from opposing joint surfaces. ' 
reconstructive procedures were arthrodesing operations in the foot (‘‘triple arthrodesis 


ankle, knee, and shoulder. The specimens were removed to the laboratory where the hyal 


From the Division of Orthopedic Surgery, Departments of Surgery and Biochemis 
The University of Chicago. 
_ This study was supported in part by research grants from The Home for Destit 
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cartilage was trimmed from the bone with a scalpel. Extreme care was taken to avoid cutting 
into the zone of provisional calcification or into the articular cortex. The eartilage fragments 
were placed immediately in a previously weighed glass-stoppered weighing bottle, and the 
weight of the specimen was determined. All of the procedures were carried out as quickly 
as possible to avert water loss. The cartilage was then dried to constant weight in a 100° ©. 
thermostatically controlled oven, and the water content of the specimen was determined after 
reweighing. The dried cartilage was next transferred quantitatively to a special apparatus 
and crushed by a technique described in a former paper.! The specimen was again placed in 
the 100° C. oven for three or four hours, and then stored in a desiccator over activated 
aluminum oxide. For all determinations, aliquots were removed from the bottle afte: 
thorough mixing, and weighed as quickly as possible to minimize absorption of water by the 
dried specimen. 

The chemical methods used in the analyses were the same as those employed in our 
previous work.! The determinations made upon the pulverized cartilage were the following: 
chloride, sodium, potassium, calcium, magnesium, total nitrogen, collagen nitrogen, and 
sulfate. Insufficient amounts of cartilage in some of the specimens limited the number of 
determinations that could be performed. Since the calcium and magnesium determinations 
required the largest amount of the specimen, they were the most frequently omitted. 


Serum determinations were made on all except two of the thirteen patients. Unfortu 





nately, not all of the serum specimens were obtained at the time of surgery. However, enough 
serum specimens were obtained at the time of operation to show that there was no significant 
difference in the serums obtained then and those obtained later. The serum nitrogen 
determinations showed the greatest variation, but these were not important in this study 
Since the chloride determinations were so consistent, a reasonably accurate estimation of the 


chloride value in the serum of the two unavailable patients could be made. 
RESULTS 

Values for Constituents of Serum and Cartilage.—Tables I and IT present 
the original analytical data on the cartilage and serum of the thirteen patients 
The patients are arranged by chronological age at the time of the surgical! 
procedures. The origin of the tissue and the duration of the paralysis is given 
for each. In Table I, the results are expressed in units per kilo of wet fres 
tissue; in Table II, the results are given in units per 100 Gm. of dried tissu 
solids. Since the water content of the thirteen cartilages varied between 68 a1 
76 per cent, it is possible that some of the water may have been lost during t! 


TABLE II. ANALYSES OF HYALINE CARTILAGE FROM POLIOMYELITIS PATIENTS 





COL- 
TOTAL LAGEN 
ORIGIN OF CL NA K CA MG N N sé 
PATIENT TISSUE | (MEQ.)| (MEQ.)| (MEQ.) | (MEQ. MEQ. (GM. (GM. atk 
26 GY Foot 23.50 (2.2 13.32 8.98 53 1 
°8 FR oot 21.16 67.8 14.35 9.43 13.55 9.23 34 
22 LW Foot 37.6 14.58 10.88 30 ' 
10 DE Foot 63.3 4.37 8.94 356 1385 989 23 t 
9 LJ Foot 24.60 63.7 5.18 13.33 9.80 22 
33 BM Knee 24.18 60.0 3.98 18.55 4.44 14.06 9.99 16 ; 
30 JM Foot 21.90 14.35 10.49 l: 
5 TH Shoulder 58.3 5.51 19.14 2.70 14.37 10.28 17 
34 JM Shoulder 27.58 65.0 5.05 15.77 9.10 13.97 10.29 17 
25 NI Ankle 13.60 10.26 22 { 
31 AK Shoulder 29.70 62.9 4.71 7.07 9.08 15.28 11.32 t 
X7 YE Foot 14.99 10.90 25 
8 DS Knee 31.20 65.8 4.90 12.17 2.68 14.48 10.18 fs S 


The values are expressed in units per 100 Gm. of dried cartilage solid. 
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period of removal of the specimen. It was not possible for us to obtain the 
specimen and to remove the cartilage under perfectly uniform conditions. 
Therefore, the difference in water content may be real, or it may be the result of 
unavoidable delay in processing the material. In view of this possible source of 
error, the data are additionally expressed in units per 100 Gm. of dried cartilage 
solids (Table IT). 

Derived Data.—Using the original data of Tables I and II, we have caleu- 
lated the histochemical characterization of these cartilages per 100 Gm. of 
cartilage solids and per kilogram of fresh cartilage. Several preliminary state- 
ments are required to justify these calculations. Histologically, cartilage is 
known to consist of cells, extracellular fluid, connective tissue fibers, and 
chondroitin sulfate. If this tissue is similar to other tissues of the body, and 
it is reasonable to suppose that it is, the cartilage may be considered to consist 
of cells and extracellular solids surrounded by extracellular fluid whose composi- 
tion is deduced from analyses of serum. Under this premise, the pattern of 
cartilage may be divided into intra- and extracellular compartments: the 
intracellular Compartment consisting of the cells and their associated water, 
the extracellular compartment consisting of a connective tissue phase contain- 
ing some of the extracellular fluid, a chondroitin sulfate phase, and the remain- 
ing extracellular water (ultrafiltrate) in the interstices. This extracellular 
compartment is equivalent to the ‘‘ground substanece,’’ terminology used by 
histologists.* 

Fundamental to these ealeulations is the assumption that the connective 
tissue of cartilage corresponds to all the other connective tissues of the body, 
whether loose or dense. Such an assumption is not without support, for Manery 
and associates showed experimentally the similarity between loose and dense 
connective tissue in the electrolyte concentrations, and concluded that the electro- 


} 


lvte patterns of all connective tissues resemble each other closely. Partridge’ 


is stated that the ground substance of cartilage is similar to that present in 


se Connective tissue. From such evidence we have judged that the connective 
ssue of cartilage resembles histochemically that of tendon which is probably the 
st dense and uniform connective tissue of the body containing as it does the 


st fibrils, the least ground substance, and the least cellular diversity. In 
a previous paper,® the electrolyte pattern of dog tendon has been determined and 


tle following values were established: 100 Gm. of tendon solids (connective 
ti sue solids) were found to be associated with 157 Gm. of water, 17.2 Gm. of 
tial nitrogen, 15.8 Gm. of collagen nitrogen, 20.65 meq. of chloride, 20.20 meq. 
0: sodium, and 3.4 meq. of potassium.* Thus, collagen nitrogen is 92 per cent of 
t! total connective tissue nitrogen. Recently, we have been fortunate to be 
al e to study a number of human tendons from amputated extremities and have 
fo nd them to be quite similar in composition to dog tendons. 

With the conviction that the collagen nitrogen of cartilage exemplifies the 
to | eonnective tissue of cartilage, we have calculated the amount of connective 
tii ue in 100 Gm. of eartilage solids and, in addition, the amount of chloride, 
so cum, and potassium associated with these amounts of connective tissue. Since 


igen nitrogen is 92 per cent of the total connective tissue nitrogen, the 
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TABLE ITT. Estimated WEIGHT OF CONNECTIVE TISSUE SOLIDS IN ALL CARTILAGES 
i COLLEGAN CONNECTIVE CONNECTIVE | A 
N TISSUE N AN TISSUE SOLIDS SOLIDS 
PATIENT CARTILAGE (GM. ) (GM.) (GM.) (GM.) (GM.) 
°6 GY Foot 8.98 9.76 3.56 56.7 43.3 
28 FR Foot 9,23 10.02 s.00 58.4 41.6 
22 LW Foot 10.82 11.76 2.82 68.4 31.6 
10 DE Foot 9.89 10.75 3.10 62.5 37.5 
9 LJ Foot 9.80 10.65 2.68 61.9 38.1 
33 BM Knee 9.99 10.86 3.20 63.2 36.8 
30 JM Foot 10.49 11.41 2.94 66.3 nS a 
> TH Shoulder 10.28 le 3.20 64.9 35.1 
4 JM Shoulder 10.29 11.18 2.79 65.0 So.0 
25 NI Ankle 10.26 11.16 2.44 64.9 35.1 
31 AK Shoulder 11.32 12.30 2.98 71.0 28.5 
X7 YE Foot 10.90 11.84 He Ihe 68.9 5 5 
8 DS Knee 10.18 11.07 3.41 64.5 39.6 
The values are given in units per 100 Gm. of. solids. 
L Total cartilage amount minus fiber tissue amount. 
AN Nitrogen not associated with the connective tissue: Total nitrogen connective 


tissue ‘nitrogen. 
\ Solids 100 connective tissue solids. 

amount of connective tissue nitrogen can be readily estimated. The amount of 

connective tissue solids which would contain this amount of connective tissue 

if 172 Gi. of 


tissue nitrogen represents 100 Gm. of connective tissue solids, it is obvious that 


nitrogen is then determinable. For example: total connective 
we can calculate the weight of connective tissue solids represented by any known 
amount of connective tissue nitrogen. In Table IIIT the estimated connectiv: 
tissue solids in the cartilages of all patients are presented in units per 100 Gm 
of cartilage solids. The estimated amounts of chloride, sodium, and potassiun 
associated with this caleulated amount of connective tissue solids are presented 
in Table IV. The amounts of the constituents in excess of those associated wit! 
The 


importance, for they represent the concentration of the constituents in the other 


the connective tissue solids are labeled with the figure values are « 








TABLE IV. THE CALCULATED AMOUNTS OF CHLORIDE, SODIUM AND POTASSIUM ASSOCIATI 
WITH THE CONNECTIVE TISSUE SOLIDS IN ALL CARTILAGES 
CONNEC- CONNE¢ CONNE( CONNEC- 
TIVE TIVE TIVE TIVE 

TISSUE A TISSUI A TISSUE A TISSUE A 

SOLIDS SOLIDS CL CL NA NA K K 
PATIENT | CARTILAGE (GM.) (GM.) ( MEQ. ) (MEQ. ) (MEQ. ) (MEQ (MEQ. ) (MI 
26 GY Foot 56.4 13.3 BB gs 11.83 11.46 60.7 1.93 Se 
28 FR Foot 58.4 $1.6 12.06 9.10 11.80 56.0 1.99 gi. 
22 LW Foot 68.4 31.6 14.13 23.47 13.82 AS 4 
10 DE Foot 62.5 YES 12.91 12.62 50.7 2.12 2.2 
9 LJ Foot 61.9 38.1 12.78 11.82 12:91 512 2.11 3.( 
33 BM Knee 63.2 6.8 13.05 As 12.77 17.2 249 1.8 
30 JM Foot 66.5 33.4 13.69 8.2] 13.39 9.95 
5 TH Shoulder 64.9 35.1 13.41 1s:23 Beh Ae 5, 
31 JM Shoulder 65.0 35.0 13.42 14.16 13:13 51.9 9.2] 2.8 
25 NI Ankle 64.9 35.1 13.41 13.11 y Ae § 
31 AK Shoulder 71.5 28.5 14.76 14.94 14.44 48.5 2.43 2.2 
X7 YE Foot 68.9 B13 14.23 13.92 2.34 
8 DS Knee 64.4 35.6 13.29 17.91 15.00 52.8 2.19 2 

The values are given in units per 100 Gm. of. solids. 


a 


Total cartilage concentration 


minus estimated connective 


tissue 


concentration. 
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compartments of the cartilages. The /\ nitrogen and potassium, therefore, 
should represent the quantity of these constituents in the chondrocytes; the 
chloride the ultrafiltrate volume; and the A sodium primarily the amount of 
sodium associated with the chondroitin sulfate. 

It is now possible to partition the total solids of cartilage into the intra- 
and extracellular solids per 100 Gm. of dried cartilage, and then to convert and 
express these values per kilogram of cartilage tissue. As previously stated, the 
extracellular phase of the dried cartilage contains the connective tissue solids 
(fiber solids), chondroitin sulfate, and the associated sodium. In Table V, these 
values are given, together with the total amount of intra- and extracellular solids 
in 100 Gm. of dried cartilage solids. If the A nitrogen represents the quantity 
of nitrogen within the chondrocytes, the weight of the protein equivalent to the 
\ nitrogen should approximate the weight of the cellular solids. From Table V 
it is apparent that the weights of the cellular solids thus calculated are almost 
equivalent to the weights obtained by difference, that is by subtracting the weight 
of the estimated extracellular solids from the 100 Gm. of total solids. 

In Table VI the data for the estimations of the total weights of the extra- 
cellular and intracellular solids per kilogram of fresh cartilage tissue are given. 
A further characterization of the hyaline eartilages of the poliomyelitis patients 
per kilogram of fresh tissue is given in Table VII. These derived data partition 
the components into the two main phases of the tissue. Incomplete data made 
it necessary to include only eight of the thirteen patients in these computations. 

This division of the component parts of fresh cartilage is derived from the 
original data and from the characterization of the constituents in 100 Gm. of 


TABLE V. HISTOCHEMICAL DATA FOR 100 GRAMS OF HYALINE CARTILAGE SOLIDS 


(C)s 
WEIGHT CALCULATED 
(F)s CSAg ANAg | (E)s (C)s AN FROM AN 

TIENT | CARTILAGE (GM. ) (GM. ) (GM. ) (GM. ) (GM. ) (GM. ) (GM. ) 
26 GY Foot 56.7 25.0 1.40 SS 17 6 22 
28 FR Foot o8.4 16.1 1.28 76 24 3) 22 
22 LW Foot 68.4 14.3 1.19* 84 16 2.8 yj 
l) DE Foot 62.5 11.0 1.16 75 25 Oa 19 
LJ Foot 61.9 10.5 1.18 74 26 re | 17 
BM Knee 63.2 io 1.09 72 28 3.2 20 
JM Foot 66.3 6.3 LS" 74 26 2.9 18 
TH Shoulder 64.9 8.2 1.04 74 26 3.2 20 
34 JM Shoulder 65.0 Lia 1.19 83 17 2.8 17 
zo NI Ankle 64.9 10.4 LS” 77 23 2.4 15 
31 AK Shoulder (15 4.6 1 Re 77 23 3.0 19 
X: YE Foot 68.9 12.0 1.19* 82 18 1 20 
DS Knee 64.4 8.6 1.22 74 26 3.4 21 


estimated weight of extracellular (lc)s and intracellular (C)s solids in 100 Gm. of 
c lage solids. 

The values are given in units per 100 Gm. of total solids. 

*Assumed weight of ANas (insufficient material for analysis) based upon the average 

e other determinations. 


(F)s Connective tissue solids (Table III). Hereafter called fiber solids. 
CSAs Chondroitin sulfate solid (calculated from Levene’s molecular weight). 
ANas = Weight of ANa (Table IV) in grams. 

(E)s Extracellular solids. (E)s = (F)s + CSAs + ANas. 

(C)s Intracellular solids. (C)s 100 Gm. (E)s. 


AN “© Nonconnective tissue nitrogen (Table III). 
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TABLE VI. PHASE Mass DATA FOR ONE KILOGRAM OF HYALINE CARTILAGE. 
(DERIVED SOLIDS) 


TOTAL | TOTAL WEIGHT 
WATER SOLIDS (F)g | CSA ANA (E)g (C)s 
PATIENT CARTILAGE (GM.) (GM. ) (GM.) (GM.) (GM.) (GM.) (GM.) 
26 GY Foot 741 259 146.6 64.6 3.61 214.8 Se 
28 FR Foot 745 95D 148.9 $1.1 3.28 193.3 61.7 
22 LW Foot 710 290 198.0 11.5 3.45* 242.9 47.1 
10 DE Foot 733 267 167.0 19.4 re 189.5 ee 
9 LJ Foot 719 281 73.6 29.4 3.30 206.3 74.2 
33 BM Knee 767 Pi 147.1 ies 2.03 167.1 65.7 
30 JM Foot 680 320 211.8 20.1 = oF My 235.7 84.5 
5 TH Shoulder 697 303 196.7 24.8 3.19 224.7 78.3 
34 JM Shoulder 749 251 163.4 13.0 3.00 209.4 42.0 
25 NI Ankle 696 304 196.7 31.7 3.62" 232.0 72.0 
31 AK Shoulder 744 256 183.2 11.9 2:8) 198.0 58.2 
X7 YE Foot 692 308 212.1 36.9 3.66 252.6 55.4 
8 DS Knee 731 269 73.2 22.5 Fea 199.0 70.1 
* Assumed weight ANa. (Table V.) 
(F)s gram connective tissue solids per kilogram (F)s (Table V) X total solids/190. 
CSA gram chondroitin sulfate per kg. CSAs (Table V) xX total solids/100. 
Weight ANa wet. ANas (Table V) X total solids per 190. 
(E)s gram solids of extracellular compartment; (F)s + CSA + ANa. 
(C)s gram solid of intracellular con partment; Total solids—(E)sxs. 
cartilage solids (Table V). With the concentration of the constituents in 100 


Gm. of cartilage solids now established, and with the total water and the total 
solids per kilogram of fresh tissue recorded in Table VI, we are able to estimate 
the partition of all constituents in the total solid content of one kilogram of 
fresh cartilage. These computations are shown in detail in Table VIT. 

The assignment of the fractional parts of the total water into the separat: 
phases is given in Table VII. The water identified with the extracellular phase 
(H.O), has been considered to consist of the water associated with the connec 
tive tissue solids (H.0)», plus the water of the ultrafiltrate (H,.O)y. The wate: 
identified with the cells, or the intracellular water (H.O) >, is thus the water by 
difference, that is the total water value minus the extracellular water valu 
The proposed conception that the A chloride represents the ultrafiltrate spac 
was utilized to caleulate the ultrafiltrate phase. The volume of this space wa 
deduced from the serum chloride values in Table I, by means of equatior 
presented in former papers.’ 

DISCUSSION 

We have endeavored to present histochemical patterns of hyaline cartilag 
removed from the joint surfaces of patients with the residual paralysis of poli 
myelitis. The validity of all of the derived estimations presented here depen: 
upon the correctness of two assumptions, namely: (1) that the connective tiss 
of hyaline cartilage is like any other connective tissue of the body in water a! 
electrolyte concentration, and (2) that the chloride not associated with conn 
tive tissue (/\Cl) may be considered to be confined to the extracellular water. 

The data from the tissues presented here were considered on the basis 
100 Gm. of dry cartilage solids and on the basis of fresh tissue which was divid: 
into two phases, extracellular and intracellular. Fig. 1 shows graphically t 
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division of the 100 Gm. of solids into connective tissue solids, chondroitin sulfate 
solids, and the cell solids: Fig. 3, the phase mass data for one kilogram of fresh 
cartilage. 

In soft tissues such as muscle and liver, the total solids represent primarily 
the proteins of the tissue cells (intracellular solids).*:* Conversely, in cartilage 
the total solids represent mostly the solids of the extracellular phase (ground 
substance) and the small protein fraction of the chondroeytes. From Fig. 1, it 
seems reasonable to ascribe approximately 75 per cent of the cartilage solids of 
these patients to the extracellular solids and 25 per cent to the cellular solids. 
This generalization does not vary much from the values obtained on articular 


PERCENTAGE DISTRIBUTION OF SOLIDS IN 
GMS. 100 GRAMS OF CARTILAGE SOLIDS 
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ST 59/ \69| |63| |62| |63| |66] |65| |65| |65| |71| |69| [64] |47 
F 
s; | | | 
40} 
20} 
ir: 7| 423] [23 
ol nS: Ea ES Ee ES BS 
PATIENT 26 22 2610 3 33 «630—Cté=«SS 34 «25—C—é=*BI 8 PUPPY 
L Jt oe A. — | 2MO0 
AGE 5- 7 YRS. 10 - 14 YRS. 16 -19 YRS. 


MB-csa (_J-cr) ES= (ce), 
Fig. 1.—Graphic representation of the percentages of extracellular and intracellular soli 
in 100 Gm. of total cartilage solids. The percentage of the chondroitin sulfate solids, illustrat: 
by the black areas, plus the percentage of the connective tissue solids, illustrated by the u 
shaded areas, represent the extracellular solids. The percentage of the cell solids is represent 
by the dotted areas. 
cartilages removed from puppies, of which 70 per cent of the cartilage soli 
was found to be extracellular and 30 per cent was cellular. Great differences : 
noted, however, when the extracellular solids are considered from the standpoi 
of their separate parts, namely, connective tissue solids and chondroitin sulf: 
solids. Consequently, considering only the extracellular solids (ground s 
stance), the percentages of the connective tissue solids and the chondroi' 
sulfate solids per 100 Gm. of extracellular solids have been caleulated, and th: 
values are shown graphically in Fig. 2. Young puppy articular cartilage 
included for reference. Of the extracellular solids in these patients the conn 
tive tissue solids are a much larger component than the chondroitin sulfate soli 
Furthermore the connective tissue solids varied inversely with the chondro! 
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sulfate solids. More experimentation needs to be carried out before it ean be 
decided definitely whether these variances are significant: whether they are the 
result of the dysfunction from the disease residuals, or the effect of age, or of 
disuse atrophy. 

Observations on the group of patients rule out somewhat the age effects. 
Kor example, if patients 26 and 28 are conceded to have normal chondroitin 
sulfate distribution for their age group (5 to 7 years), then patients 22 and 
10 who belong in the same age group should have higher values than were found. 
Patients 9, 33, 30, and 5 (10 to 14 vears) have a lower chondroitin sulfate per- 
centage in their extracellular solids than patient 34, who was 16 years of age. 


PERCENTAGE DISTRIBUTION OF SOLIDS IN 
% 100 GMS. EXTRACELLULAR SOLIDS 
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J; cHonoroitin sucrate PHase [_]: CONNECTIVE TISSUE PHASE 
Fig. 2.—Graphic representation of the percentages of connective tissue solids and chron- 


jitin sulfate solids in 100 Gm. of extracellular solids. The percentage of the connective 

ue solids is illustrated by the clear areas, and the percentage of the chondroitin sulfate 

ids by the black areas. 

is suggests the possibility that the effect of age is not the sole controlling 

‘tor. The duration of paralysis, another variable, may also be excluded as a 
s igle controlling factor. Patient 31 who has the lowest percentage of chon- 
( oitin sulfate and the highest percentage of connective tissue solids had been 
ralyzed for approximately four years—about one-third as long as patient 5 
o has twice as much chondroitin sulfate and less connective tissue solids. It 
Sms likely, therefore, that these findings must be attributed to a number of 
Vv ‘lances occurring simultaneously, or to the manifold effects of the disease. 
| e extent of paralysis may be a factor, but this is extremely difficult to appraise 
¢ ilically. Disuse may also be a factor, but this is even more difficult to evaluate 
hb ause it would involve assessment of the paralysis about the joint from which 
cartilage was removed, assessment of the associated paralysis of the trunk 
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and other extremities, and an estimation of the absolute activity of the patient 
at the time of the operation. It is noteworthy that in these cartilages, contrary 
to the speculations of Hass,'? there was no pigmentation present, although the 
chondroitin sulfate values were low. In his work on aging costal cartilages, Hass 
noted pigmentation and speculated that the pigments may be a degradation 
product of the chondroitin sulfate, because the pigmentation appeared as the 


chondroitin sulfate decreased in quantity. 


The assembled data for the masses of the extra- and intracellular phases 
for one kilogram of fresh cartilage are graphically shown in Fig. 3 for eight 
of the thirteen patients studied. Representatives from each of the three age 


groups are present. Puppy articular cartilage is again included for reference. 


PHASE MASS DATA FOR | KG. CARTILAGE 


(E),698 626 767 687 800 778 822 877 66! 
GM. (C),302 374 233 313 200 222 178 123 339 
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Fig. 3.—Phase mass data for one kilogram of hyaline cartilage. Graphic representati: 
of the extracellular phase consisting of (1) the ultrafiltrate water illustrated by the cle 
areas, (2) the connective tissue phase consisting of the connective tissue solids illustrated 
the perpendicular cross hatched areas and the associated water illustrated by the double cr: 
hatched areas, and (3) the chondroitin sulfate phase illustrated by the black area. The int: 
cellular phase consisting of the intracellular water illustrated by the single diagonally hatc! 
areas, and the intracellular solids illustrated by the dotted areas. 


We have identified the extracellular phase with the chondroitin sulfate soli 
the connective tissue solids with their associated water and the serum ult) 
filtrate.” The intracellular phase is identified with the chondrocytes and th: 
associated water. This conception of the extracellular phase of cartilage shot 
prove of importance in studying any diseased or abnormal condition in cartilag 
The concurrent connective tissue and chondroitin sulfate alterations in th: 
conditions of paralyses are further illustrated. It will be noted that if t 
weight of the connective tissue phase, which includes the connective tissue sol 
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and their associated water, is considered, there is only moderate variation. For 
example, in the 5- to 7-year age group, patient 26 has a connective tissue phase 
weight of 376 Gm., and patient 28 has a phase weight of 383 Gm.; patients 9, 
33, and 30 (10 to 14 years) have a connective tissue phase weight of 446, 
379, and 545 Gm., respectively; patients 31, 34, and 8 (16 to 19 years) have 
connective tissue phase weights of 471, 419, and 445 Gm., respectively. If these 
values for the weight of the extracellular connective tissue phase prove to be 
large in comparison with normal human beings, the alteration probably is the 
result of the effects of the disease, since age and duration of paralysis have been 
partially excluded. Unfortunately, we do not have at present normal human 
cartilages for comparison. 

The relative mass of the solids of the chondrocytes per kilogram of 
cartilage varies between 4.2 per cent and 8.4 per cent. If the mass of the solids 
of the chondrocytes represent the weight of the proteins of these cells, this 
finding confirms that the number of cells in cartilage tissue per unit weight is 
small. Normally, the quantity of potassium in the cells is more or less propor- 
tional to the mass of protein. Therefore, since the mass of protein in these 
cartilages is low, the potassium values should also be low. From Table IV it 
will be noted that the potassium which has been assigned to the cells, and 


labeled A K, is low. In facet, when the A K is ealeulated for one kilogram of 

chondrocytes, there is found a large deficit of intracellular potassium in all of 
. Ee a (solids per kilogram cartilage ) 1000 

the patients. (K/Ke. cells = A K » i ee 
100 (C)y 


Considering the articular puppy cartilage values as normal tissue values, the 
caleulated potassium concentration per kilogram of chondroeytes was found 
to have an average value of 145 meq. In the seven patients in which we have 
complete data, numbers 26, 28, 9, 33, 34, 31, and 8, the caleulated potassium 
values per kilogram of cells were, respectively, as follows: 28, 16, 37, 14, 32, 33, 
and 43 meq. These extremely low potassium values indicate that abnormal 
ainounts of sodium must have entered these cells to replace the huge deficit of 
Potassium in order to have ionie equilibrium. The potassium freed by the 
cells must have been the result of a disturbed equilibrium in the cells. That 
some of the sodium entered the cells is experimentally suggestive, sinee the 
v lues for the A sodium in all of the patients were considerable, in lieu of the 
lov chondroitin sulfate values; sodium must have gone from the extracellular 
¢ npartment into the cells. Darrow'! has reviewed conditions in which sodium 
e: ered other tissue cells when there was a deficit of potassium. Potassium 
d\ icits ean produce serious conditions in tissues, for example Ferrebee and 
as ociates'* have shown that the deficiency of body potassium produces necrosis 
0: he heart muscle in dogs. 

The water of the chondrocytes, or the cellular water as illustrated in the 
di zram, has been considered in terms of percentage of the intracellular phase. 
F\ puppy articular cartilages, the percentage of water per kilogram of cells 
w: found to have an average value of 78 per cent. In these human cartilages 
th: caleulated values of the percentages of intracellular water were as follows: 
in \atients 26 and 28 the percentage of intracellular water in each was 85 per 
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cent; in the next age group, patients 9, 33, and 30 had percentages of 68, 79, 
and 53, respectively; and in the oldest group, patients 31, 34, and 8, the per- 
centages were 67, 81, and 43, respectively. It is obvious, therefore, that patients 
9, 30, 31, and 8 had low percentages of cell water, or a state of dehydration of 
the cells existed. These same patients also had low chondroitin sulfate values. 
The fact that dehydrated cells do not metabolize or function physiologically 
offers the provocative suggestion that the existing state of dehydration limited 
the formation of chondroitin sulfate in these cartilages. 


from the joint surfaces of poliomyelitis patients at the time of various recon 
structive procedures. These data are utilized to describe (a) the percentages 
of extracellular and intracellular solids in 100 Gm. of the total eartilage solids, 
(b) the percentages of connective tissue solids and chondroitin sulfate solids in 
100 Gm. of extracellular solids, and (c) the histochemical characterization of the 
extra- and intracellular phases per kilogram of fresh cartilage. 


centages of the extracellular solids (connective tissue solids and chondroitin 
sulfate) are the result of the dysfunction from the disease, or the effect of age, 
or of disuse atrophy. Commentary is also made on the possibility that the 
derived phases of cartilage may in the future prove serviceable in studying dis 
eased or abnormal conditions in cartilages. 


for 
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SUMMARY 


Chemical data are presented for the values of hyaline cartilages removed 


Discussion is given in reference to whether the variances found in the per 


We wish to express our appreciation to Dr. C. Howard Hatcher and Dr. Mary 8. Shermar 
making these tissues available to us for study. 


REFERENCES 


Eichelberger, L., Brower, T. D., and Roma, M.: Histochemical Characterization of Ir 
organic Constituents, Connective Tissue, and Chondroitin Sulfate of Extracellular an 
Intracellular Compartments of Hyaline Cartilages, Am. J. Physiol. 166: 328-55 
1951. 

Hisele, C. W., and Eichelberger; L.: Water, Electrolyte, and Nitrogen Content of Huma 
Skin, Soc. Exper. Biol. & Med. 58: 97-100, 1945. 

Maximow, A. A., and Bloom, W.: A Textbook of Histology. Philadelphia, 1938, W. 
Saunders Company. 

Manery, J. F., Danielson, I. 8., and Hastings, A. B.: Connective Tissue Electrolytes, 
Biol. Chem, 124: 359-375, 1938. 

Partridge, S. M.: The Chemistry of Connective Tissues. The State of Combination 
Chondroitin Sulfate in Cartilage, Biochem. J. 43: 387-397, 1948. 

Eichelberger, L., and Brown, J. D.: The Fat, Water, Chloride, Total Nitrogen a 
Collagen Nitrogen Content in the Tendons of the Dog, J. Biol. Chem. 158: 283-2: 
1945. 

Hastings, A. B., and Eichelberger, L.: The Exchange of Salt and Water Between Mus 
and Blood, J. Biol. Chem. 117: 73-93, 1937. 

Eichelberger, L.: The Distribution of Body Water in Skeletal Muscle and Liver 
Normal Dogs Following Injections of Potassium Salts, J. Biol. Chem. 138: 589-5 
1941. 

Eichelberger, L., and McLean, F. C.: The Distribution of Calcium and Magnesi 
3etween the Cells and the Extracellular Fluids of Skeletal Muscle and Liver in D¢ 
J. Biol. Chem. 142: 467-476, 1942. 

Hass, G. M.: Studies of Cartilage. IV. A Morphologic and Chemical Analyses of Agi 
Human Costal Cartilage, Arch. Path. 35: 275-284, 1943. 

Darrow, D. C.: Body-Fluid Physiology. The Relation of Tissue Composition to Probl 
of Water and Electrolyte Balance, New England J. Med. 233: 91-97, 1945. 

Ferrebee, J. W., Parker, D., Carnes, W. H., Gerity, M. K., Atchley, D. W., and Li 

R. F.: Certain Effects of Desoxycorticosterone: The Development of ‘‘ Diabe 

Insipidus’’ and the Replacement of Muscle Potassium by Sodium in Normal D: 

Am. J. Physiol. 135: 230-237, 1941. 











LABORATORY METHODS 


COMPARATIVE EFFECTIVENESS OF DIRECT BLOOD AGAR AND 
MODIFIED PIKE’S BROTH FOR DEMONSTRATING BETA- 
HEMOLYTIC STREPTOCOCCL OF DIFFERENT 
SEROLOGICAL GROUPS 


Harry A. FetpMAN, M.D., AND WINIFRED ILTARMON, B.S. 
SYRACUSE, N. Y. 


T WAS reported by Pike (1944) that the isolation of beta-hemolytie strepto- 

cocci from cultures of the nose and throat could be improved measurably by 
incubating the specimen swab in a selective inhibitory broth prior to seeding the 
hlood agar plate. The medium is known by that author’s name, and its composi- 
tion was deseribed (Pike, 1944) as follows: ‘Beef heart infusion broth eontain- 
ing 1 per cent tryptose, 0.02 per cent glucose, and 5 per cent rabbit blood was 
tubed in 2 ml. amounts. On the day the medium was used, to each tube was 
added 0.15 ml. of an autoclaved aqueous solution of sodium azide, 1:1000, and 
0.1 ml. of an autoclaved aqueous solution of erystal violet, 1:25,000.”’ 

From the initiation of the intramural streptococcal control program at the 
Wieting-Johnson Hospital for Rheumatic Diseases, it has been our custom to seed 
i sheep's blood agar plate directly from the cotton swab and then to repeat this 
procedure after incubating the same swab overnight in a tube of modified Pike’s 
broth. It is the purpose of this report to present the comparative data which 
have been collected from 4,176 sueh nose and throat cultures. Beta-hemolytic 
‘reptocoeei were found in 446 (16 per cent) of these specimens. Additional 

formation elicited from studies with modified Pike’s broth made from different 





dehydrated bases also will be presented. 


MATERIALS AND METHODS 


Pike’s Broth.—Except where indicated below, the broth utilized for this study was made 


‘ollows: Trypticase soy broth was tubed in 2 ml. amounts and stored in the refrigerator 


| needed, at which time the following were added to each tube. 
0.15 ml. sodium azide 1:1000 (autoclaved) 
0.10 ml. erystal violet 1:25,000 (autoclaved) 
0.10 ml. defibrinated sheep blood 
medium differs from that originally described by Pike in that trypticase soy broth 
s the base, sheep replaces rabbit blood, and both this and the inhibitory agents are 
d to the broth immediately prior to use. 


From the Department of Medicine, State University of New York, Medical Center at 
‘use, and the Kilian Research Laboratory, Wieting-Johnson Hospital for Rheumatic 
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Blood Agar Plates.—Defibrinated sheep’s blood in 5 per cent concentration in a base of 
trypticase soy agar. , 

Cultures.—A sterile cotton swab was wiped across the tonsillar areas and the posterior 
pharynx (or the anterior nares) and minutes later used to inoculate a portion of a blood agar 
plate. The swab was then placed in a tube (150 by 16 mm.) containing the freshly prepared 
modified Pike’s broth. The original plate inoculum was then streaked out with a bacterio 
logical needle. The swab and broth were incubated at 37.5° C. for sixteen to eighteen hours, at 
which time another blood agar plate was inoculated from the swab. All plates were read 
at twenty-four and forty-eight hours, and single colonies of beta-hemolytic streptococci were 
fished and streaked on fresh plates for purification preparatory to serological identification. 

Serological.—Pure cultures were grouped and typed* by the capillary tube method 
Fuller, 1938; Maxted, 1948; and Swift and associates, 1943 


RESULTS 

During the first few weeks of the culture program, it was noted with some 
surprise that no streptococci were being isolated from swabs given preliminar) 
incubation in the inhibitory medium, whereas positive cultures were being 
detected on the direct blood agar plates. The broth which we were using at that 
time was being made from a tryptose phosphate base. Since the medium as 
originally described (Pike, 1944) had had a beef heart infusion base, it was 
decided to compare broths prepared from these two bases. Accordingly, twent) 
five swabs were obtained in duplicate from various individuals on different days. 
The two swabs procured from each patient were numbered and placed in the 
two broths in alternate sequence. None of the twenty-five swabs incubated in the 
tryptose-phospate broth Pike’s yielded any beta-hemolytie streptococci, whereas 
9 (36 per cent) of the twenty-five streaked from the fresh infusiont broth base 
medium were positive. 

A similar series (twenty-six patients) was then made in which fresh infu 
siont and trypticase soy broths were compared as the bases. Six (238 per cent 
were positive in each instance. In both groups there was one specimen whic! 
was positive from one broth and not from the other. Because of these findings, 
trypticase soy broth was adopted as the standard base for modified Pike’s m¢ 
dium in this laboratory and was utilized for the 4,176 cultures which form t! 
body of this report. 

The gross differences in the results obtained by direct plating on shee} 
blood agar and after preliminary incubation in the modified Pike’s broth are 


YABLE I. COMPARATIVE EFFECTIVENESS OF DIRECT BLOOD AGAR AND MODIFIED PIKE’S BR 
IN DETECTING 446 STRAINS OF BETA-HEMOLYTIC STREPTOCOCCI 


STREPTOCOCCI 


ISOLATED FROM NUMBER PER CENT 
Blood agar plates only 118 27 
Pike’s only 186 42 
Both 142 32 
Blood agar plate total 260 58 
Pike’s total 328 74 





*We are indebted to Dr. Elaine L. Updyke and the Communicable Disease Cen 
U.S.P.H.S., Chamblee, Ga., for the streptococcal grouping and typing sera. 
*The fresh infusion broth was obtained through the courtesy of Dr. Orren D. Chapn 
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summarized in Table I. While 118 (27 per cent) beta-hemolytic streptococeal 
strains were isolated only from blood agar, 186 (42 per cent) came only from 
Pike’s and 142 (32 per cent) were found in both media. Of the 446 positive 
cultures, 260 (58 per cent) grew on the sheep’s blood agar plates while 328 (74 
per cent) were obtained after preliminary growth in the broth. Thus, an addi- 
tional 68 (16 per cent) strains were isolated as the result of using the modified 
Pike’s broth. The reasons for this will become apparent below. 

The incidences of streptococci of different serological groups were as follows: 
(Giroup A, 103 strains (23 per cent of the total); Group B, 36 strains (8 per 
cent); Group C, 77 strains (17 per cent); Group F, 98 strains (22 per cent); 
and Group G, 132 strains (30 per cent). 

The data summarized in Tables II and III demonstrate that the results 
obtained by the two methods depend to a considerable extent upon the serologi- 
cal groups encountered. In Group A, of primary importance to those interested 
in rheumatie fever, 55 (53 per cent) strains were isolated by both methods, 21 
(20 per cent) from blood agar plates only and 27 (26 per cent) from the modified 
Pike’s only. Thus, of the 103 Group A strains, 75 (73 per cent) were detected 
on direct blood agar plates while 82 (79 per cent) came from modified Pike's 
broth. 


TABLE II. EFFECTIVENESS OF DIRECT BLOOD AGAR PLATE AND MODIFIED PIKE’S BROTH FOR 
ISOLATION OF BETA-HEMOLYTIC STREPTOCOCCI OF DIFFERENT SEROLOGICAL GROUPS 


STREPTO 


COCCAI BAP ONLY PIKE’S ONLY BOTH TOTALS 
GROUP NO. PER CENT NO. PER CENT NO. PER CENT| NO. PER CENT 
A 2] 20 27 26 Oo aon | 103 100 
B 0) 0 oF 64 13 36 36 100 
C 56 73 7 9 14 18 77 100 
F 32 ao Bo 56 11 1] 9S 100 
G 9 7 74 56 19 Bf 132 100 

Totals 11S 27 186 | 42 142 32 446 100 


The data on Group B are somewhat different since 23 strains (64 per cent) 

re isolated from the broth, none from plates alone and 15 (46 per cent) from 
both media. In this group all 36 strains (100 per cent) were detected from the 
iiodified Pike’s broth and only 13 (36 per cent) on direct sheep’s blood agar 


plates. 


TisLe IIT. RELATIVE EFFICIENCIES OF DIRECT BLOOD AGAR PLATE AND MODIFIED PIKE’S 
‘ROTH FOR DETECTING BETA-HEMOLYTIC STREPTOCOCCI OF DIFFERENT SEROLOGICAL GROUPS 


EPTOCOCCAL BAP PIKE’S TOTALS 
GROUP NO | PER CENT NO. | PER CENT NO, PER CENT 
A 5 73 42 79 103 100 
B 13 36 36 100 36 100 
C 70 9] 21 27 77 100 
F 43 14 66 67 98 100 
G 58 44 123 93 32 100 
Totals 259 58 328 | 74 446 100 
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Group © presents a sharp turn in the other direction since in this case 56 
(73 per cent) organisms were isolated on blood agar plates only, 7 (9 per cent) 
from modified Pike’s only, and 14 (18 per cent) from both. In summary, 70 

91 per cent) Group C organisms were detected on blood agar plates and only 21 
(27 per cent) from Pike’s broth. 

In Group F, 32 (33 per cent) organisms were detected only on blood agar 
plates, 55 (56 per cent) only from modified Pike’s and 11 (11 per cent) from 
both media. Consequently, 43 (44 per cent) Group F strains grew out on the 
blood agar and 66 (67 per cent) from the modified Pike’s. 

The results in Group G were quite similar to those in Group B. Nine (7 
per cent) strains were detected on blood agar plates only, 74 (56 per cent) from 
the modified Pike’s alone, and 49 (37 
Thus, 58 (44 per cent) of the G’s grew on direct blood agar plates and 1238 (93 


per cent) were obtained from both media. 


per cent) were obtained from modified Pike’s broth. 


TABLE IV, COMPARISON OF RESULTS OBTAINED WITH DIRECT BLOOD AGAR AND MODIFI 
PIKE’S BrotTH CULTURE METHODS FOR DETECTING DIFFERENT TYPES AMONG 103 
Group A STREPTOCOCCAL STRAINS 


ISOLATED FROM 


BAP PIKE’S 
TYPE NO. ONLY ONLY BOTH 
l 13 3 2 8 
3 2 0) ] 1 
t ] 0 0 1 
5 10 0 9 1 
6 6 4 0) 4 
12 ~ 1 0 6 
14 3 l 1 1 
18 2 2 0 0 
22 5) ] 2 2 
37 5) l 3 1 
41 7 1 0 6 
42 9 } 2 3 
13 1] 2 9 ~ 
Seas 22 3 5 14 
Total 103 21 27 55 
*N. T. = Not typable. 


Of the 103 Group A strains, 81 were typable and 22 were not specifically 
identifiable with the available sera.* It will be noted from Table IV that, with 
the exception of type 5, there seems to be little difference between the effective- 
ness of the two methods in detecting Group A streptococci of various types. The 
numbers, admittedly, are small, but it is of interest that nine of the ten type ° 
strains were missed on the direct blood agar plates, but were identified from 
modified Pike’s broth. These ten strains were obtained from cultures made 
different times from four children who were quartered in two buildings. 


DISCUSSION 
We are unable at this time to explain the failures with the inhibitory medi 
made from tryptose phosphate broth. It is evident that its unsuitability cou 


*Specific antisera for the following types of Group A _ beta-hemolytic streptococci 
> 2 = 


c 
available during this study: 1, 2, 3, 4, 5, 6, 12, 13, 14, 15, 17, 18, 19, 22, 23, 24, 25, 26, 28, 


30, 31, 


38, 39, 41, 43, 44, 46, and 47. 
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be the result of either of two mechanisms: the material is deficient nutritionally 
or, When combined with the other ingredients, the resultant medium is actually 
inhibitory for beta-hemolytic streptococci. Neither question was investigated 
further. We discovered at a later date that Pike (1945) had had a similar ex- 
perience when tryptose phosphate broth was employed in one of his develop- 
mental experiments. 

There are some differences between the results obtained in our laboratory 
and those reported in the original study. Pike (1944) not only obtained a 
marked increase in positive cultures for beta-hemolytic streptococci when the 
swabs were first incubated in the inhibitory broth, but also noted that strepto- 
coccal colonies were present in significantly greater numbers on the plates in- 
oculated from the broth. Our results in this respect were too irregular to be 
significant. Among those strains which were grouped serologically, Pike found 
Groups A and C to show the greatest increases. Group B is not mentioned in 
that report, while the numbers of Groups F and G strains isolated were too 
small to indicate any preferences. 

The data reported by the Commission on Acute Respiratory Diseases 
(1948) are not entirely comparable with those reported here. The Commission 
apparently used the broth medium as originally deseribed, but did not examine 
direct blood agar plates and subcultures from Pike’s broth in parallel. 
The greatest improvement in detecting beta-hemolytie streptococci seemingly 
as the result of using Pike’s broth occurred among their non-typable Group A’s 
and Groups B, C, and G. The typable Group A strains were detected in only 
slightly increased numbers from the Pike medium. 

In a later study (Commission on Acute Respiratory Diseases, 1949) the 
same group found that the use of Pike’s broth doubled the number of demon- 
strations of beta-hemolytic streptococci from pharyngeal cultures. Since the 
streptococei which were encountered are not defined serologically, it is not pos- 
sible to compare their data satisfactorily with those reported herein. 

The data presented in this communication indicate that the results ob- 
tained from the use of the inhibitory broth are affected importantly by the 
serological characteristies of the beta-hemolytie streptococci prevalent in the 
sample. One has to conclude that the serologically separated groups also have 
metabolic differences that make Pike’s medium either favorable or unfavorable 

' their multiplication. It is possible that this is also true of the individual 
es which belong to Group A. 


SUMMARY 


1. Trypticase soy but not tryptose phosphate broth was found to be a good 
s\ stitute for infusion broth as a base for Pike’s medium. 

2. Among 4,176 nose and throat cultures, beta-hemolytic streptococci were 
fond 446 times; 260 (58 per cent) grew on sheep’s blood agar plates, while 
32s (74 per cent) were isolated after preliminary incubation in modified Pike’s 
broth. The inhibitory medium was most useful in the demonstration of Groups 
b. fF, and G. It seemed to interfere with the isolation of Group C strains and, 
mploved, increased the Group A isolations only slightly. 
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DETERMINATION OF FREE, ESTER, AND TOTAL CHOLESTEROL 


WITHOUT SAPONIFICATION 





» 


SauL L. Kanter, B.S.,* JosepH R. Goopman, PuH.D..** anp 
JANE YARBOROUGI! 
Los ANGELES, CALIF. 


a A study of serum cholesterol in patients receiving insulin coma therapy, 
frequent analyses were required to demonstrate a definite pattern of varia- 
tions during the course of treatment. For this, a proce dure has been developed 
that gives a highly accurate cholesterol partition that ean be read on a filter 
type laboratory photocolorimeter. Total and ester cholestero| are determined 
without saponification and compared with a standard of cholesteryl acetate. 
The free cholesterol is determined by a modification of the Schoenheimer and 
Sperry method.! The sum of the ester and free cholesterol values is equal 
to the value obtained for the total cholesterol. This provides a check on the 


accuracy of each analysis. 


In the development of this procedure, several cholesterol partition methods with 
erous modifications were examined. The most widely accepted procedure is that of 
Schoenheimer and Sperry. Smith and Marble2 adapted this method and the methods de 
scribed by Bloor,’ and by Bloor and Knudsont to give a method for the determination of 
tal, free, and ester cholesterol. These methods are accurate (however, generally long 
and require very careful attention to such factors as time and temperature of saponifica 
and color development. They are particularly tedious if one wishes to determine the 

ee components independently as a means of checking the accuracy of the results. 
In order to shorten the time for a total cholesterol determination, Sperry and Brand 
lified the saponification procedure of Schoenheimer and Sperry! to eliminate the precipi 
m of the hydrolyzed cholesterol and developed the Liebermann and Burehard reaction 
hloroform. By applying this reaction direetly to the lipid extract of cholesterol and 
( esterol esters, Kaveé did away with saponification, even though Yasuda? had already 
s n that cholesterol esters give a deeper color than free cholesterol. Taking this fact 
account, Saifer and Kammerers compared their modification of the Liebermann and 


n a photoelectric colorimeter against a cholesterol standard made up of 


hard reaction 
e | parts of cholesteryl acetate and cholesterol. 

Several attempts have been made to supply a correction factor or constants that 
( | be incorporated into the calculation to compensate for the discrepancies between the 

produeed by pure cholesterol and the mixture of free and various combined forms 


pr nt in a serum specimen, Recently, Kingsley and Schaffert® published a fairly rapid 


«| wherein a correction factor is applied to the ester value which is in turn used t 
a correction on the value of the total cholesterol. 
Sunderman and Razeki¢ have made a careful study of the color produced by the 
mann-Burchard reaction between cholesterol and the acetic anhydride-sulfuric acid 
r nt. They have shown the stability of the whole absorption color spectrum in rela 
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tion to time, light exposure, and concentration. Their curves indicated that the color has 
vreatest sensitivity in the range of 660 4; however, it is much more stable, though less 


sensitive, at 530 uw. They suggest that analyses would be more accurate at this latter wave 


length if the amount of the aliquot could be increased or if more serum could be used 


ver volume of extracting solvent. 
| 


rom these and other sources, a method has been developed which is less 
tedious, which eliminates the need to control the temperature’ * during colo: 
development, and which eliminates the necessity of reading to a maximum 
color intensity.’ ° This was done by using the ‘'54’’ green light filter in place 
of the ‘'66°’ generally used. With a filter type instrument, and without in 
dividual timing of samples, reproducible results can be obtained. At 540 yg, 
changes in transmission with wave length are small'® and variations with tem 
perature and time are diminished. However, as suggested,'’ this portion of the 
spectrum requires larger amounts of samples on which to develop the color 
Therefore, the ratio of serum to extracting solvent was increased to 1 ml. of 
serum to a total volume of 10 milliliters. From this extract free and ester 
cholesterol] (the latter without saponification) are determined on one aliquot, 
and total cholesterol is determined without saponification on a second aliquot 


The comparison of these aliquots provides an accurate cheek on each analysis 


METHOD 


Reagents and Special Equipment.—(a) Alcohol, ethyl absolute, (b) Alcohol, ethyl 95 
per cent. (c) Acetic anhydride-sulfurie acid mixture.11 In an Erlenmeyer flask containing 
nine parts of refrigerated acetic anhydride, add one part of refrigerated concentrated sul 
furic acid so that it layers out on the bottom of the flask. Mix slowly, stopper, and place 
in refrigerator to cool. An amount sufficient to take care of unknowns, standards, and blanks 
is prepared. The reagent should be water clear. When the mixture is removed from the 
refrigerator for color development, the flask is placed in an ice bath. (d) Acetie acid, glacial 
A.C. S. (e) Acetic acid, 10 per cent. (f) Benzin—Petroleum ether A. C. §.; boiling point 
30° to 60° C. (g) Digitonin. 1 per cent in 50 per cent alcohol.12,13 In a 250 ml, beaket 
containing 1 Gm. of digitonin, add 100 ml. of 50 per cent (by volume) ethyl aleohol. Warm 
until digitonin dissolves. (h) Ether, purified and dried for fat extraction. (i) Ethe 
acetone mixture 2:1.1. (j) Cholesterol stock standard, Dissolve 500 mg. of pure dry choles 


terol in 250 ml. of 95 per cent alcohol. One milliliter is equivalent to 2.00 mg. of cholesterol. 


(k) Cholesterol working standard. Dilute 3.0 ml. of stock standard to 100 ml. with 95 per 
cent alcohol. One milliliter is equivalent to 0.06 mg. cholesterol. (1) Cholesteryl acetate 
stock standard, Dissolve 554.3 mg. of pure dry cholesteryl acetate in 250 ml. of 95 pe! 
cent alcohol. One milliliter is equivalent to 2.00 mg. of total cholesterol. (m) Cholest: 
acetate working standard, Dilute 10 ml. of stock standard to 100 ml. with 95 per cent 
cohol. Two milliliters are equivalent to 0.40 mg. of total cholesterol. (n) Klett Summe: 


colorimeter. (0) Green filter No. 54. (p) Macro Klett tubes. (q) Micro Klett tubes. 


Extraction of Cholesterol From Serum. Exactly 9.2 ml 


.* of absolute alcohol are a 
to 1.0 ml. of clear unhemolyzed serum in a 15 ml. test tube. It is stoppered with a vaccine 
bottle rubber stopper, shaken vigorously, and placed so that the contents of the tubs 
just submerged in a 56° C. water bath for ten minutes. At the end of this extra 
period, the tube is removed from the water bath, shaken again vigorously, and centrif 
at 2,750 r.p.m. for ten minutes. The supernatant is a clear alcoholic extract from Ww 
aliquots are taken for the determination of total, free and ester cholesterol. 


*This amount of alcohol and 1.0 ml. serum gives, due to shrinkage, a final volur 


10.0 ml. 
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Total Cholesterol—A 2.0 ml. aliquot of the alcohol extract in a 30 ml. Pyrex beaker 
is placed in a hood and when completely dry it is ready for color development. Two 
milliliters and 3.00 ml. of cholesteryl acetate working standard equivalent to 0.40 mg. and 
0.60 mg. of cholesterol are treated similarly. 

Free Cholesterol—To a 3.0 ml. aliquot of the alcoholic extract in a 15 ml. Pyrex cen 
trifuge tube* add 2 ml. of 95 per cent aleohol, 1 ml. of digitonin, 2 ml. of water, and one 
drop of 10 per cent acetic acid. A 3.0 ml. and a 5.00 ml. standard equivalent to 0.18 mg. 
and 0.80 mg. free cholesterol are set up simultaneously, omitting the 2 ml. of 95 per cent 
alcohol for the 5.0 ml. standard only. With a glass stirring rod for each tube, the re 
agents are mixed carefully and thoroughly, and with the glass rod in, the tube is covered 
to keep out dust and is allowed to stand overnight. With the glass rod, carefully mix 
into the supernatant any residue on the side of the tube. The glass rods are removed and 
placed on a holder, each rod reserved for its tube. The precipitate is sedimented by cen 
trifuging at 2,750 r.p.m. for fifteen minutes, after which the supernatant is discarded. The 
vlass rod is placed back into the tube, and 10 ml. of ether-acetone mixture 2:1 are added. 
The precipitate is carefully stirred and washed in the ether-acetone mixture. The glass 
rod is removed and placed on the holder as before. The precipitate is sedimented again 
at 2,750 r.p.m. for fifteen minutes. The ether-acetone washing of the unknown is carefully 
poured into a 50 ml. Pyrex beaker. Discard the washings from the standards. The glass 
rod is placed back into the tube and 5 ml. of ether are added. The precipitate is carefully 
stirred and washed in the ether. The glass rod is removed and placed on the holder as 
before. The precipitate is sedimented a third time by centrifuging at 2,750 r.p.m. for 
fifteen minutes, The ether washing is carefully added to the ether-acetone washing in 
the 50 ml. Pyrex beaker and both washings are saved for cholesterol ester determination. 
(gain diseard the washings from the standards. The glass rod is placed back into the 
tube, and the tube with the washed precipitate is set aside. When dry, 1.0 ml. of glacial 
acetic acid is added and the residue is dissolved by placing the tube in a bath of hot 
water for 5 minutes. The hot water is obtained by bringing it to a boil and then remoy 
ng the heat just before the tube is placed into the water. The level of the water should 
he not more than 1 ineh above the level of the glacial acetie acid in the centrifuge tube 
to prevent water from getting into the tube. When the solution is cool, it is ready for 

lor development. 

Ester Cholesterol—The ether acetone and the ether washings are placed in a hood 

evaporate, When dry, the esters are extracted twice by adding 15 ml. of petroleum 


her and brought to a boil on a hot plate. This is decanted hot4 into a 30 ml. Pyrex 


ker and allowed to evaporate. When dry, it is ready for color development. 

Total and Ester Cholesterol Color Development and Calculation.—To the beakers that 
tain standards and unknowns, 5.0 ml. of chloroform from a burette and 2.0 ml. of cold 
etie anhydride sulfurie acid mixture are added and mixed. They are placed in the dark 


t fifteen minutes. The green color that develops is read in a Klett Summerson 


rimeter with a green filter No. 54. The colorimeter is zeroed with a blank of 5.0 ml. 


‘hloroform and 2.0 ml. of cold acetie anhydride sulfuric acid mixture. 


R unknown 100 


0.40 » mg. % total cholesterol. 
R standard 0.20 
R unknown : 100 ; 
x 0.60 x mg. % ester cholesterol. 


R standard 0.30 


Free Cholesterol Color Development and Calculation.—Two milliliters of cold acetic an 
ide sulfuric acid mixture are added to the tubes that contain the dissolved cholesterol 
di, tonide and mixed with the stirring rod. After forty minutes in the dark, the stirring 
I s removed and the green color that develops is read in a micro Klett tube on a Klett 
nerson colorimeter with a green filter No. 54. The colorimeter is zeroed with a blank 
oI ' ml. of glacial acetie acid and 2.0 ml. of cold acetic anhydride sulfurie acid mixture. 


*Wilson and Foldes'* recommend a_ glass-stoppered centrifuge tube to eliminate the 
St ng rod 
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Rous ) 1o0 ; : 
: O.1S mo. © free cholesterol. 
R stance ( 
t I wi 

) me. “% free cholesterol. 
Ros i O00) 


EXPERIMENTAL 
Vethod—A better extraction of serum cholesterol is obtained from afin 
dispersion, This takes place when alcohol is added to the serum!’ rather than 
the serum to alcoho! 
Beeause the ratio of serum to solvent is greater than used in most pro 


cedures a comparison between the amount of cholesterol extracted from 





1 ml. of serum by 9.2 ml. of absolute aleohol (total volume 10 ml.) and the 


amount of cholesterol extrected from 1 ml. of serum hy 24.2 ml. of absolute 
aleohol (total volume 25 ml.) has been made (Table 1). The procedure as de 
seribed under ** Ertraction’’ was followed using pooled serum. Table T shows 
the results obtained by heating in a water bath from thirty minutes at 84° | 

and 56° (. The results indicate that at 84° C. or at 56° C, for thirty minutes 
9.2 ml. of absolute alcohol extract from 1 ml. of serum the same amount ot 


cholesterol that is extracted by 24.2 mi. of serum. 











\ | ( IPARISON OF CHOLESTEROL EXTRAC 0 I mi1M OFeSERUM USING 9.2 M 
» 29492 M OF ABSO ALCOHO! 
( FR CENT CHOLES AVERAGE Of} PLICATI 
ALCOHOL VOL. \ R ; D 
/ ( 7 f } 
9.2 ml. rd Hy ~44 1S6 20] 
24.2 mi. 215 242 183 201 
i } ( Ti ‘ n 
{; 
a» 1a»? () 217 
24.2 ml 192 | 217 
hwo normal sera (195 me. per cent and 225 me. per cent) and one ver 


high cholesterol serum (593 me. per cent) were used to determine the length 
time necessary to extract all of the cholesterol from 1 ml. of serum at 56° ¢ 
using only 9.2 ml. of absolute alcohol. Table IL shows that ten minutes ¢ 


traets the same amount of cholesterol as thirty and sixty minutes. 





I]. Erreecr or TIME OF EXTRACTION 
| Mi. OF SERUM ND 9.2 ML. ABSOLUTE ALCOHOL AT 56° C. 
MG. PER CENT CHOLESTEROI 
riMi \ ( 
10 min. 198 196 225 224 a94 600 
30 min. 186 192 222 226 O86 593 











194 196 224 D86 600 








All drying is done hy air draft at room temperature. Large discrepan 
were found between duplicates when extracts were dried on the steam bh: 


Wintersteiner! 





Bergstrom and have shown that cholesterol when aerate 
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85° (. in colloidal aqueous solution is for the major part auto-oxidized into a 
mixture of compounds. The method for determining free cholesterol is es- 
sentially that of Schoenheimer and Sperry! with variations in the digitonide 
reagent’? '* and the per cent water’ for cholesterol digitonide precipitation. 
The use of larger amounts of ether acetone mixture and ether for washing 
eliminated one ether washing. The supernatant of the digitonide precipitate 
from serum does not contain a detectable amount of cholesterol. 

This supernatant from several sera having cholesterol levels ranging from 
170 mg. per cent to 400 mg. per cent was saved for analysis. The residue 
remaining after evaporation was extracted with petroleum ether. This extract 
was dried and treated with acetic anhydride sulfuric acid reagent in the usual 
manner. The solutions appeared water white and gave a zero reading against 
the blank on the colorimeter, 

Cholesterol as cholesteryl] acetate gives a color, measured at 540 p, that is 
approximately 7 per cent more intense than the same amount of cholesterol. 
This was obtained as the average of thirteen Comparisons, in duplicate, on as 
many different days. The average deviation was 1.28 per cent. This dis- 
crepancy is much less than that reported by other workers when wave lengths 
of 660, 640, and 420 » were used. Differences of 12 to 30 per cent'**! have been 
reported for various cholesteryl esters. The increase in color produeed by 
the acetate very closely equals the increased color from the esters present in 
the serum when measured at 540 ». For this reason values obtained by using 
pure cholesteryl acetate as a standard are equal to the values obtained by the 
Schoenheimer and Sperry method. 

Determination of Accuracy of Method by Recovery Experiments—Choles- 
terol and cholesterol-cholesteryl acetate in varying amounts and ratios were 
added to 1.0 ml. of fresh pooled serum after it had been mixed with 8.2 ml. 
of aleohol, The average recovery (Table II1) of cholesterol added (0.40 mg. 


to 5.00 mg.) as total cholesterol for fourteen determinations was 97 + 3.5 per 
cent. The average recovery of cholesterol added (0.12 mg. to 2.00 mg.) as free 
holesterol for nine determinations was 101 + 3.7 per cent. Cholesteryl acetate 
uld be recovered quantitatively only as total cholesterol. However, in serum 
one, the esters are quantitatively determined because when they are added 
the free cholesterol the sum equals the total cholesterol. 
The accuracy of this method is further emphasized by the consisteney of 
Juplieates (94 of 100 determinations of total cholesterol in duplicate differed 
3 per cent or less) and by the fact that the value obtained for total choles- 
ol is equal to the sum of the values of ester and free cholesterol. In seventy- 
echt of eighty-five serums, in duplicate, the total cholesterol exceeded or was less 
tan the sum of the esters and the free cholesterol by not more than 3 per cent. 


e mean deviation and standard deviation were + 0.15 per cent, and + 1.91 


cent, respectively. 
Comparison Between Authors’ and Schoenheimer and Sperry’s' Methods.— 


The use of cholesteryl] acetate as a standard and the method of extraction 
Were checked by comparing total cholesterol determined by our method with 


il cholesterol determined by Schoenheimer and Sperry’s method! (Table IV). 
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TABLI 


SAMP LI 


10 

12 

13 

14 
Average 


Samples 


acetate. 


Samples 11- 


RECOVERY 


1-3 


Samples 4- 


solution 
solution 


KANTER, 


OF 


CHOLESTEROL 


ORIGINAI 


solution 


GOODMAN, 


AND 


POOLED SERUM 


YARB( 


AND CHOLESTEROL 


ADDED TOTAI 
CHOLESTEROI 


MG. (MG, ) 
».64 0.50 
? 64 1.00 
? 64 1.00 
2.64 2.00 
2.04 0.41 
» 04 O80 
2.04 1.20 
> 98 1.00 
2.28 2.00 
2 98 3.00 
2.64 2.00 
Y 04 1.00 
» O4 ? O00 
2 04 3.00 
Free Cholesterol in 
0.56 0.12 
0.56 0.24 
0.56 0.36 
0.55 0.30 
0.55 0,60 
0.55 0.90 
0.57 0.50 
0.57 1.00 
0.57 1.50 
added was cholesterol. 
added was 30 per cent 
added was equal parts 


Serum 


cholesterol 


cholesterol 


ROUGH 


ACETATE ADDED 


RECOVERED 
IN SERUM 
(MG. ) 
0.52 
1.01 
1.01 
1.86 
0.40 
0.76 
1.10 
0.9] 
200 
2.91 
1.88 
0.94 
1.96 

9 88 


0.11 
0.25 


0.36 


0.61 
0.94 
0.48 
1.02 
1.60 


and 70 


and cholest 


per 


ML. OF 


To 1.0 


RECOVERY 
(PER CENT ) 
104 
101 
10] 
93 
100 
95 
92 
9] 
100 
97 
94 
94 
QS 
96 


ui = a. 


92 
104 
100 
104 
102 
105 

96 
102 
107 


101 + 3.7 


cent 


acetate 


The group average of 226 mg. per cent by the authors’ method checks 


well with the 


Effect of Time and Temperature on Color Development. 
cholesteryl acetate standard equivalent to 0.40 mg. 
rated to dryness in a 30 ml. Pyrex beaker and the 


reeted in the procedure. 


TABLE IV. 


SAMPLE NO, 


l 


° 


Average 


22409 mg 


COMPARISON 


OF 


TOTAL ( 


AUTHORS’ 


TOTAL AVERAGE 


(MG, 


PER CENT ) 
214 
166 
265 
183 
286 
230 


ovr 


215 
248 


996 


‘HOLESTEROL 
AND SPERRY’S! 


BETWEEN 
METHODS 


The solutions remained in the light 


AUTHORS’ 


SCHOEN HEIMER 


NUMBER OF 
DETERMINATIONS | ( 


AND SPERRY 
TOTAL AVERAGE 
MG. PER CENT) 

214 
158 
265 
184 
291 
226 
228 
213 
248 


9907 


ond 


AND 


. per cent by the Schoenheimer and Sperry method. 
Two milliliters of 
of cholesterol were evapo 
color was developed as di 
after the first 


SCHOEN HEIM! 


NUMBER OF 
DETERMINATIO® 
6 

















cholestery 
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TABLE V. EFFECT OF TIME AND TEMPERATURE ON COLOR DEVELOPMENT IN CHLOROFORM. TOTAL 
AND ESTER STANDARD. 2.0 ML. OF CHOLESTERYL ACETATE STANDARD 
EQUIVALENT TO 0.40 MG, OF CHOLESTEROL 


TIME TEM PERATURE 


( MINUTES ) Lv? 21° ¢. 26° c. 29” C. ae 6C. 


Colorimeter Readings 





10 96 91.5 87 85 82 
2() 95 90.5 84 8] low 
30 89.5 SS 82.5 80) 74.5 
40) 88.5 Sie 81.5 19.5 74 


reading. The colorimeter reading’s average of duplicates, decreased with time 
and temperature (Table V). The difference between 21° ©. and 29° ©. at 
fifteen minutes and at forty minutes is one colorimeter reading per degree of 
temperature. 

The effect of time and temperature on the color developed with the stand- 
ard dissolved in acetic acid is shown in Table VI. At temperatures just above 
24° (., the standard reaches a maximum in forty minutes and remains so fo! 


at least twenty minutes, 


TABLE VI. Errect or TIME AND TEMPERATURE ON COLOR DEVELOPMENT IN ACETIC ACID. FREI 
CHOLESTEROL STANDARD. 3.0 ML. OF CHOLESTEROL WORKING STANDARD EQUIVALENT 
To 0.18 Ma. of CHOLESTEROL 


TEMPERATURE 


TIME 
(MINUTES ) ly fae 21° c. 24° C. ZT G. ar OC: 
Colorimeter Readings 
40 44 70 72 75 74 
50 62 72 io 76 to 
60 72 75 75 75 75 


Table VII shows the cholesterol] values of a series of serum extracts de- 
termined at ten-minute intervals. The series was prepared from a pooled 
lcoholie extract of three different serums. Ten 2.0 ml, aliquots of the un- 
nown aleoholie extract and ten 2.0 ml. aliquots of cholestery! acetate, in 50 
|. Pyrex beakers, were dried and the color was developed at room tempera- 
ire (24° C.) as directed in the procedure. At ten-minute intervals two un- 
howns and two standards were removed from the dark and compared in the 


lorimeter. The variation from ten to fifty minutes was 224 to 252 mg. per 


nt, and the maximum deviation between any duplicates was 224 to 252 mg. 


r cent. The average of these ten values is 227.2 + 2.4 mg. per cent, and the 


erage of the values determined individually of the three serums from which 


‘LE VII. Errecr or TIME ON THE TOTAL CHOLESTEROL OF A POOLED ALCOHOLIC EXTRAC' 
OF THREE SERUMS 


TIME IN MINUTES (TEMPERATURE 24° ¢.) 
10 20 30 4() 50 
(MG. PER (MG. PER (MG. PER (MG, PER (MG. PER 
DUPLICATE CENT ) CENT ) CENT) CENT ) CENT ) 
1 227 232 228 229 224 


acv0 


2 227 224 225 232 224 
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more accurate results. 


Esters, and Free Cholesterol. 














in Table VIII. 






TABLE IX. PARTITION OF SERUM C 
DITIONS EF 
TOTAL ESTER 
(MG. PER (MG. PER ( 
SAMPLI CENT CENT 
26 196 100 
27 125 61 
28 185 a7 
29* 108 QS 
30 507 gv 












s We 
Evelyn 
per cent 


noted that this patient had 
and Malloy. \ saponified te 
esters and per cent free. 
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TABLE VIII. PARTITION OF SERUM CHOLESTEROI 
CHOLESTEROI 

ESTER + 
rOTAI ESTER FREE FREI 

MG. PER MG. PER MG, PER MG. PER 
SAMPLI CENT CENT CENT CENT 
l 270 189 de 261 
vd 248 182 63 245 
3 248 180 o4 244 
1 240 WE 6S 246 
D ete 161 76 237 
6 239 164 67 231 
7 230 17S D6 234 
S 218 157 S 215 
2 214 152 66 Y1S 
10 213 150 65 25 
1] 212 159 D7 216 
12 210 156 ay} Zia 
| 20S 154 a4 20S 
14 206 146 60 206 
15 201 152 1S 200 
16 198 139 60 199 
17 197 134 9 198 
1S 194 140 +S ISS 
19 19] 143 19 192 
1) 180) 132 19 IS] 
21 177 127 1 178 
p cr'd 176 30 $S 178 
23 175 129 oO) 179 
24 158 114 }¢ 160 
25 3 105 $4 149 

Average 207.5 149.9 Di 207.5 


IN 


YARBOROUGH 


EST. 


0) 


ried Nt Moet Nel Bet Bt I 
© bo 


FASTING NORMAI 


rot, 


PER CENT 


FR./ TOT. 
PER CENT 
Le f 
a é 


” 


2S 


the pooled alcoholic extract was obtained is 228.3 mg. per cent. 


regulation of temperature and the timing of individual samples. 























ADULTS 


ESTER * FREI 
(PER CENT 
97 
G8 
99 
LO] 
10) 
99 
10] 
99 
102 
100 
102 
10] 
100 
100 
100 
100 
98 
97 
10] 
100 
10] 
101 
103 
LO] 
98 


100.0 


Sinee the 


readings of both standard and unknown decrease similarly with time, a dupli 
cate standard can be effectively spaced among a long series of unknowns for 


In this manner, it was possible to eliminate both the 
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Determination of serum total cholesterol, choles 


HOLESTEROL IN 
FECTING SERUM 


CHOLESTEROI 


ESTER 
FREE + FREE 
MG, PER (MG. PER 
CENT CENT 
94 194 
63 124 
27 184 
238 336 
107 499 





a total 


tal was 339 me 


FASTING 
CHOLESTEROL 





bilirubin of 
per 


EST. 
(PER CENT) 
51 
19) 
31 
29 
18 





ADULTS 


ph Os be 


These values are the average of duplicate serum extracts. 


WITH 


FR./ TOT. 


( PER CENT ) 


18 
50 
69 
70 
80 





ABNORMAL 


terol esters, and free cholesterol on twenty-five fasting normal adults are shown 


The 


average total (207.5 mg. per cent) is shghtly less than the 209.8 me. per cent 


CON 


ESTER + FRI 

(PER CEN 
99 
99 
100 
99 
QS 





11.2 mg. per cent by the method 


cent 


and 


was used 


to determi! 
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found by Sperry.*? The average free per cent (27.8 per cent) is almost the 
same as the 26.9 + 1.4 per cent found by Sperry.*? The average ester per cent 


is the same as the 72 per cent found by molecular distillation of serum cholesterol 
esters at 128° C. as reported by Koehler.’ 

Cholesterol Partition of Abnormal Sera.—The serum cholesterol with ab- 
normal partition or of unusually high concentration is of particular interest in 
checking the accuracy of a method. Table IX shows several such sera with 
unusually high free cholesterol content. In these sera, as well as those of 
normal partition and concentration, the sum of the ester and free values 
equals the values obtained for the total. The one exception (No. 29) had an 
unusually high icteric index ; however, when the total cholesterol was repeated, 
including a saponification step, the results of this saponified specimen equaled 
the sum of the ester and the free cholesterol. 


SUMMARY 


A procedure for the determination of total, ester, and free cholesterol is 
presented that is fairly rapid and as accurate as the more tedious methods 
currently available. 

The sahent points of the procedure are: 

Use of the 540 absorption range on a filter type photocolorimeter, thereby 
avoiding temperature control and individual specimen timing. 

Use of cholesteryl acetate as the reference standard, thereby eliminating 
saponification. 

The sum of the ester and free cholesterol values is within 5 per cent of 
the value obtained for the total cholesterol. 

The determination of total cholestero] is simplified. 


We gratefully acknowledge the cooperation and encouragement of Dr. J. J. Palmer and 


_ 


the laboratory service of the Brentwood Hospital. 


REFERENCES 


1, Schoenheimer, R., and Sperry, W. M.: A Micromethod for the Determination of Free 
and Combined Cholesterol, J. Biol. Chem. 106: 745-760, 1954. 
2. Smith, R. M., and Marble, A.: The Colorimetric Determination of Free and Combined 


Cholesterol, J. Biol. Chem. 117: 673-684, 1937. 

3. Bloor, W. R.: The Determination of Small Amounts of Lipid in Blood Plasma, J. Biol. 
Chem. -77: 53-73, 1928. 

1. Bloor, W. R., and Knudson, A. J.: The Separate Determination of Cholesterol and 
Cholesterol Esters in Small Amounts of Blood, .J. Biol. Chem. 27: 107-112, 1916. 

5. Sperry, W. M., and Brand, F. C.: The Colorimetric Determination of Cholesterol, J. 
Biol. Chem. 150: 315-324, 1943. 

6, Kaye, I. A.: Determination of Total and Free Cholesterol in Blood Serum, J. Las. & 
CLIn. MEp. 25: 996-1001, 1940. 

7. Yasuda, M.: Further Contributions to the Microdetermination of Cholesterol, .J. 
Biochem. (Japan) 24: 429-442, 1936. 

8S. Saifer, A., and Kammerer, O. F.: Photometric Determination of Total Cholesterol] in 
Plasma or Serum by a Modified Liebermann-Burchard Reaction, J. Biol. Chem. 164: 
657-677, 1946, 


% Kingsley, G. R., and Schaffert, R. R.: | Determination of Free and Total Cholesterol by 
Direct Chloroform Extraction, J. Biol. Chem. 180: 315-328, 1949. 
10. Sunderman, F. W., and Razek, J.: Spectrophotometric Studies of the Color of Solu- 


tions. I. Selection and Application of Light Filters in the Analysis of Blood Sugar 
by the Benedict Method and of Cholesterol by the Lieberman-Burchard Reaction, 
J. Biol. Chem, 118: 397-404, 1937. 























KANTER, AND 





GOODMAN, YARBOROUGH 


Shapiro, A., Lerner, H., and Posen, C.: A Fixed Color Standard for Cholesterol De 
termination, Proe. Soe, Exper. Biol. & Med. 32: 1300 1301, 1935. 

Kirk, E., Page, I. H., and Van Slyke, D. D.: Gasometric Microdetermination of Lipids 
in Plasma, Blood Cells, and Tissues, J. Biol. Chem. 106: 203-234, 1934. 
Sobel, A. E., and Mayer, A. M.: Improvements in the Schoenheimer and Sperry Method 
for the Determination of Free Cholesterol, .J. Biol. Chem, 157: 255-264, 1945. 
Wilson, B. C., and Foldes, F. F.: Determination of Cholesterol, Ind. and Eng. Chem., 
Anal. Ed. 22: 1210-1213, 1950. 

Brun. G. C.: Cholesterol Content of the Red Blood Cells in Man, Acta Med. Seand. 
Suppl. 99: 237, 1939. 

Bergstrom, S., and Wintersteiner, O.: Autoxidation of Sterols, J. Biol. Chem, 141: 
597-609, 1941. 

Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
Twelfth Edition, Blakiston Co., Phil., Toronto, pp. 552, 1947. 

Gardner, J. A., and Williams, M.: <A Critical Study of the Methods of Estimating 
Cholesterol and Allied Substances, Biochem. J. 15: 363-375, 1921. 

Ireland, J. T.: The Colorimetrie Estimation of Total Cholesterol in Whole Blood, Serum 
or Plasma and Other Biological Materials, Biochem. J. 35: 283-293, 1941. 

Teeri, A. E.: The Determination of Esterified Cholesterol, J. Biol. Chem. 156: 279 
281, 1944. 

Kelsey, F. E.: Determination of Cholesterol, .J. Biol. Chem. 127: 15-22, 1939. 

Sperry, W. M.: The Relationship Between Total and Free Cholesterol in Human Blood 
Serum, J. Biol. Chem. 114: 125-133, 1936. 

Koehler, A. C., and Hill, E.: The Molecular Microdistillation of Cholesterol and 

Cholesterol Esters, .J. Biol. Chem. 179: 1-10, 1949. 




















AN APPARATUS FOR INCREASING THE SPEED OF DIALYSIS OF 
SMALL QUANTITIES OF FLUIDS 


RoBeRT N. FEINSTEIN, PH.D. 
CHICAGO, ILL. 


URING the course of a fairly extensive screening program in which the 

efficacy of many substances in precipitating certain proteins from mixtures 
was tested, it became necessary to dialyze small quantities of many solutions. 
In order to speed up the attainment of equilibrium between the solutions being 
dialyzed and the bath in which they were dialyzing, an apparatus was employed 
which brings about continued turnover of the solutions on both sides of the inter- 
face. 

MATERIALS 


The device, shown in Fig. 1, is constructed entirely of plexiglas to avoid metal contami- 
nation. The heads of necessary bolts are coated with plexiglas cement. Two identical wheels, 
six inches in diameter and 0.75 inch thick, are rigidly fastened, twelve inches apart, to a 
shaft 0.75 inch in diameter. The pegs onto which the dialysis sacs are tied are 0.5 inch deep 
and are evenly spaced around the circumference. The pegs are tapered as shown so that the 
sacs cannot slip off during rotation. Our machine carries sixteen such pegs on each wheel. 
At this spacing, it is possible to use every peg when using dialysis tubing 24/32 inches or 
smaller; if larger tubing is used, only alternate pegs can be employed. To avoid confusion, 
the pegs on only one wheel are numbered (numbers are easily scratched into the plexiglas). 
The shaft also carries a grooved pulley, which permits rotation by means of a belt extending 
to a motor suspended above the device and resting on the sink edges. 

Although the exact dimensions of the machine will vary, depending on the size of the 
sink to be used and by the quantities of fluid to be dialyzed, the dimensions quoted are for a 
machine used in a rectangular sink 17% inches wide, 21% inches in length, and 12 inches deep. 
In use, the drain of the sink is stopped with a one-hole rubber stopper bearing a large, 
thick-walled glass tube approximately seven inches high. This tube permits constant level 
iverflow if a trickle of fresh water is maintained. A bath is thus formed of about 45 liters. 





The pulley belt is fabric composition. Dialysis tubing used is Visking cellulose tubing, 
‘ach tube containing an acid-washed glass marble. Both ends of the tube are tied up with 
‘avy linen thread, and the filled tubes are fastened to the machine with linen thread in the 
use of the smaller sized tubes (0.5 inch or less) and with twine in the case of larger tubes. 
hus the only contamination in the bath is the small amount of ‘‘sizing’’ material on some 
mples of twine. Because of the sizing, we ordinarily fill the bath, immerse the loaded 


ichine for several minutes, then empty and refill the bath. 


EXPERIMENTAL AND DISCUSSION 


The general principle of the apparatus is the slow rotation about a hori- 
ntal axis, of tubes fixed at an angle to the horizontal. Each tube contains a 
osely fitting glass marble which, rolling up and down the tube as it rotates 
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at its angle of 30 to 40 degrees from the axis, continually renews the solution 
layer immediately inside the tube. At the same time, the rotation in the bath 
presents a continual fresh surface on the outside of the tube. 

Factors of importance are: (a) angle of tilt, (5) viscosity of dialyzing 
fluid, (¢) speed of rotation, and (d) the relative size of the tube and the glass 
marble. A too-large marble will not traverse the length of the tube; a too-small 
one will not effectively renew the inner surface layer. With a lesser angle of 
tilt. ora greater Viscosity of solution, the speed of rotation must be decreased 
to allow time for complete traversal by the marble. 

Our motor is so geared as to rotate the tubes at approximately four revolu- 
tions per minute. Two sizes of dialysis tubing most commonly used are 24/32 
and 36/32 inch in diameter. These sizes were selected because the proper sized 
glass marbles, approximately %, inch and 1 inch in diameter, are commonly 


available in five-and-ten cent stores. 





Fig. 1. 


When 24/32 inch tubing is used, the machine can accept tubes containing 
a maximum of approximately 75 ml. each. Tubes 36/32 inch in diameter con 
tain as much as approximately 160 ml. One limitation that should be noted 
is that if a wide variety of substances is being simultaneously dialyzed, car 
must be taken that sharp incompatibilities are not permitted. It is obvious, 0 
course, that equilibrium is attained not only between the dialyzable contents 0 
each tube and the bath, but between all dialyzable materials, in and out of th 
sacs. Ordinarily this is not of great concern, chiefly because of the very grea 
dilution brought about by the bath water. 

In order to test the efficiency of the machine, the following experiment wa 
performed. Seven dialysis saes, 20/32 inches in diameter, approximately eig! 
inches in length, and each containing a glass marble about 0.5 inch in diamete) 
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were filled with (NH,).SO, solution, approximately 25 per cent saturated. These 
were placed on the machine and rotated in the sink bath deseribed; no running 
water was permitted. The tubes were removed at various times, emptied into 
heakers, and the contents were analyzed for nitrogen by direct nesslerization. 
Qn another day, but using the same solution of (NH,).SO,, the same sink, 
similarly filled, and the same size dialysis sae and marbles, another seven tubes 
were dialyzed. These, however, floated free in the bath, supported by a holiow 
weighing bottle stopper. According to common practice, they were inverted 
by hand every half hour or so during the working day. Individual tubes were 
removed at various times, and aliquots of the contents nesslerized. The results 
are shown in Table I. It is seen that attainment of equilibrium was considerably 


speeded by the use of the machine. 


TABLE I. RELATIVE EFFICIENCY OF STATIC AND ROTATING DIALYSIS 


TIME iN BATH MG. N PEK ML, SOLUTION IN DIALYSIS SA¢ 
HR, FREE-FLOATING ON MACHINI 
() 29 8 99 9 
0.5 15.6 i? 5 
10,5 S22 
2 0 2.1 
| ts 0.4 
0G OLD 0.1] 
24 0.1 0.1 


SUMMARY 


An apparatus is described which assists in the rapid attainment of equilib- 
rium in the dialysis of small quantities of solutions. In the apparatus described, 
a maximum of sixteen solutions, each about 75 ml. or less, can be simultaneously 


dialyzed. 
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INFLUENCE OF DIFFERENT TYPES OF CORN MEAL 
UPON CHLAMYDOSPORE PRODUCTION BY 
CANDIDA ALBICANS 


AGAR 


Morris A. Gordon, PH.D., ELEANOR G. BrapLEy, B.S., AND 
VIRGINIA Q. Grant, A.B. 
ATLANTA, GA. 


we meal agar came into general use for the identification of Candida 
albicans following Benham ’s' account, in 1931, of its role in the stimulation 
of characteristic mycelial growth and chlamydospore production by this fungus. 
Linossier and Roux,? in 1889, had observed structures which they called ehlamy 
dospores in C. albicans grown at 30 to 35° C. in a liquid medium containing 
saccharose, ammonium tartrate, potassium phosphate, magnesium sulfate, and 
caleium chloride. Langeron and Talice® later (1932) employed potato water, 
and Shrewsbury,’ in 1934, obtained such spores in milk-water and in_ boiled 
blood broth. Anderson,’ in 1946, used corn meal extract to which vital dyes 
were added. 

Benham!' described a direct slide technique for the determination of myce 
lium and chlamydospores, as well as a Petri dish method wherein cultures ar 
made by cutting slits across a deep layer of the medium with an inoculating needle 
and studied by placing a cover slip directly on the slit. She gave her procedure 
for the preparation of the corn meal agar, but specified no particular type of 
Conant 


corn meal. Some later authors have recommended yellow corn meal. 
and associates’ state that C. albicans will not produce chlamydospores regular]) 
on Bacto-corn meal agar (which contains 0.2 per cent dextrose), and Skinner’ 





warns that if one uses a dehydrated medium he should make certain that i! 
contains no glucose. There does not, however, appear to have been any large 
scale comparative study of different types of corn meal with respect to colo 
additives, or method of preparation. 

In addition to the problem of dehydrated versus homemade media, th: 
question arose whether vitamin-enriched yellow corn meal, which has been 1 
routine use in this laboratory because the unenriched yellow kind is unavailabl 
locally, might be inferior to the latter, since mycelial and chlamydospore pro 
duction have been presumed to be encouraged by nutritionally impoverish« 
media. .A study was therefore undertaken of the comparative efficacy of fou 
different kinds of corn meal agar for the morphological identification of ro 
tinely isolated strains of C. albicans. 


MATERIALS AND METHODS 


Three of the test media were homemade, being prepared in identical manner except 
the type of corn meal employed. These types were: (1) yellow enriched (Quaker Yellow I 


riched Degerminated Corn Meal), manufactured by the Quaker Oats Co. and obtained co 
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mercially. This product contains vitamins B,, B,, niacin, and iron; (2) yellow unenriched, 
kindly supplied by Dr. Elizabeth L. Hazen of the New York State Department of Health; 
(3) white unenriched, prepared by a local milling company and obtained commercially. 

In the preparation of these media, 40 Gm. of corn meal was simmered in one liter of 
distilled water at 65° C. for one hour, and filtered successively through eight layers of gauze 
and through coarse filter paper (E & D folded filter paper No. 192). The volume of filtrate 
was measured and restored to one liter. Twenty grams of Bacto-agar was then added and 
the suspension autoclaved for five minutes to dissolve the agar. The pH was adjusted as 
required, the media dispensed in flasks, and autoclaved fifteen minutes at 120° C. 
gar Special,’’ supplied to this laboratory 
for trial by Mr. H. W. Schoenlein of Difco Laboratories. This dehydrated medium was stated 
t¢ 


The fourth medium was ‘‘ Bacto-corn Meal A 


contain yellow unenriched corn meal without added dextrose. It was rehydrated by 
suspension of 17 Gm. of the powder in one liter of cold distilled water, heated to boiling, 
the pH adjusted, dispensed in flasks, and autoclaved fifteen minutes at 120° C. 

Prior to use, all media were melted in a water bath, cooled, and poured into Petri dishes 
in quantities of approximately 25 ml. 

The final pH of the first two media, without adjustment, was 6.6. That of the latter 
two, initially 5.6, was adjusted to 6.6. 

Each of 145 unselected strains of C. albicans, all routine isolates from clinical materials 
submitted to this laboratory, was inoculated into all four media. The method of isolation 
and identification of these strains was as follows: a suspected colony on the primary isolation 
medium (Sabouraud dextrose agar with or without added penicillin and streptomycin, or 
blood 
bated 


agar with the two antibiotics) was transferred to Sabouraud dextrose broth and incu 
at 37° ©. for twenty-four to forty-eight hours; a blood agar plate was streaked from 
the broth, and after forty-eight hours or longer, single, well-isolated colonies were transferred 
to Sabouraud dextrose agar slants; inocula from these were then cut into routine yellow 
enriched corn meal agar plates. The latter were incubated at 25° C. and read at forty-eight 
or seventy-two hours for presence of pseudohyphae and chlamydospores. Isolates otherwise 
morphologically typical of C. albicans but not producing chlamydospores on the corn meal agar 
after seventy-two hours were transferred therefrom to a second such plate and the readings 
repeated. Those identified, on the basis of echlamydospore production, as C. albicans were 
maintained on Sabouraud dextrose agar slants until used in the tests. 

For the comparison of media a twenty-four hour subculture of each test strain was 
inoculated into one plate of each of the four kinds of corn meal agar. Small but visible 
juantities of inoculum were taken on the end of a needle and duplicate cuts, about one inch 
part, were made in parallel streaks from edge to edge across the center of the plate, going 
mpletely through the agar. A sterile 22 by 40 mm. cover glass was then placed across 

ch pair of euts, about one-half inch from the points of inoculation. The plates were 
icubated at 25° C. in the dark and read at twenty-four and forty-eight hours. If no 
lamydospores appeared on any of the plates at this time, they were read again at seventy- 
vo hours. Quantitative estimates of the amount of mycelium produced along the streaks 

d of the number of chlamydospores in relation to the amount of myceliwm were recorded 

a 1- to 4-plus scale. Readings were made with the low power of the compound microscope 

100) through the inverted bottom of the unopened plate, as is done routinely in this 

oratory. The area under the cover glass was then examined, with the plate right side up 

| lid removed, and note was made of the difference, if any, in the quantitative reading 
tained by the two methods. , 

As a final check on the identity and purity of the cultures employed in this experiment, 
strains were saved and later put through an identification procedure modified from that 
Jones and Martin.12 Each strain was transferred from Sabouraud dextrose agar to 
ouraud dextrose broth and incubated at 37° C. for forty-eight hours. The presence or 
ence and type of surface growth were recorded, the tube shaken, and a loopful of the 
st suspension streaked on a blood agar plate, which was incubated at 387° C. for several 
s. The type of growth produced was recorded and a single colony transplanted again to 


abouraud slant. After forty-eight hours at 37° C., growth from the slant was streaked 
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on a beef extract agar slant (sugar-free), from which two additional serial subcultures were 


made on the same medium. The last beef extract tube was then used to inoculate four beef 
extract broth tubes containing, respectively, one per cent of dextrose, maltose, sucrose and 
lactose. The sugatl tubes were sealed with sterile petrolatum and incubated at 37 C. for 


ten davs. 
RESULTS 


Results of the corn meal agar test readings for chlamydospores and hyphae 
are summarized in Table I. All but two of the 145 strains produced ehlamy 
dospores on at least one tvpe of corn meal, but individually the best of the four 
types evoked their production in only 82 per cent of the strains (119 of 145 
Included in the table are four strains which, having failed to produce ehlam) 
lospores on any medium after forty-eight hours, were retested. At the con 
‘lusion of the repeat test two of these strains gave readings of I-plus on one 
and two of the media, respectively, while the others remained negative on all 
of the media. In quantitative terms, about the same proportion of positives were 
read as 4-plus on both the vellow enriched (55 of 112) and yellow unenriched 
(63 of 119) corn meal agars. Mueh lower percentages were recorded for the 


Difco Special (28 of 85) and white (24 of 8&4) corn meal media. 


TAB I. Propverion BY CANDIDA ALBICANS OF HYPHAE oR OF HYPHAE AND 
CHLAMYDOSPORES ON SPECIFIED TYPES OF CORN MEAL AGAR 





HYPHAE AND 
HYPHAI CHLAM YDOSPORES 
Total strains tested 145 145 
Number of strains producing specified structures on: 


at least one of the 4 types of medium 145 143 
Yellow enriched corn meal agar 142 112 
Yellow unenriched corn meal agar 142 119 
Difco Special corn meal agar 1455 8S) 
White unenriched corn meal agar 138 84 


Hach of the strains employed produced hyphae on at least one type of cor 
meal in its respective lot, and few failed to exhibit hyphae on every medium 
However, the proportion of 3- and 4-plus determinations to the total was muc! 
higher on vellow enriched and vellow unenriehed than on the other two media 

All but two of the 145 strains ineluded in the table exhibited the typica 
(. albicans pattern of sugar fermentations, with acid and eas in both dextros: 
and maltose and acid alone, varvinge from very slightly to frankly acid, in 
sucrose, Lactose was never fermented. The two aberrant isolates failed 1 
produce acid in suerose, but were otherwise consistent. <All strains form 
typical colonies on blood agar plates and none showed surface growth 0! 
Sabouraud broth at forty-eight hours, although several produced a slight fil! 
on the side of the tube after prolonged ineubation. 


DISCUSSION 


None of the corn meal agars tested appears to be the ideal medium f: 
eliciting chlamydospore production by C. albicans. Yellow enriched and yello 
unenriched corn meal were fairly reliable and about equal in this respeet whi 
in these experiments, white corn meal and Difco Special were found to 
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inferior. With each medium, there was considerable variation among the results 
obtained on separate lots prepared from the same box of corn meal. Strain 
differences constitute one of the most important factors influencing the results, 
and any new medium designed to improve upon the above will have to minimize 
these differences. It should be remembered that, in addition to chlamydospores, 
presence or absence of hyphae on corn meal plates is of prime diagnostie signifi- 
eance, since the medium serves not only to differentiate C. albicans from the 
other species of Candida, but also to aid in the identification of such additional 
veastlike organisms as Cryptococcus. 

Possibly the percentage of chlamydospore positives would have been higher 
had the inocula for the corn meal cuts been taken from sugar-free media, as 
advoeated by Jones and Martin.'? However, their method is a lengthy one, and 
the present study was an attempt to evaluate corn meal media by the rapid 
identification procedure in routine use. Nickerson,'® in working with chemi- 
eally-defined media, concluded that production of chlamydospores on his test 
medium depended upon absence of glucose from the substrate. 

For the routine laboratory identification of C. albicans by the corn meal 
agar plate method it is important that a known chlamydospore-producing strain 
be cut into each plate as a control, that the plates be incubated at room tempera- 





ture (about 25° C.) rather than at 37° C., and that readings not be postponed 
much beyond forty-eight hours, although frequently chlamydospores will not 
appear until after three days. When incubation is prolonged there is a tendency 
by the blastospores to proliferate, thus obscuring the diagnostic chlamydospores. 
It has been the practice in this laboratory to examine corn meal agar plates, 
which, if properly prepared, are quite clear and transparent, by inverting the 
unopened dish upon the compound microscope stage and using the low-power 


objective, as suggested by Conant and associates.’? During the present experi- 
ments the use of a cover glass placed atop the corn meal cuts, as advocated by 
i ligman,'' displayed no advantage over the inverted dish method so far as 
production of chlamydospores was concerned. The cover glass procedure un- 
oubtedly permits better photography, if such is contemplated, but also exposes 
e medium to contamination, thus hindering any necessary subsequent exami- 
ition. 
The depth of agar in the corn meal plate is also of some concern. It has 
en found that the optimum volume in an ordinary Petri dish (100 mm.) is 
to 50 ml. Thinner plates do not permit as rapid formation of chlamy- 
spores, while additional agar tends to obscure the structures. 


SUMMARY AND CONCLUSIONS 


Kour different types of corn meal agar were tested with 145 strains of 
ndida albicans for their ability to permit rapid identification of this organ- 
i. Under the conditions of this experiment, yellow enriched and yellow un- 
iched corn meal agar, both homemade, were found to be about equally 
‘ctive and superior to homemade white corn meal agar and to Difeo Special 
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corn meal agar for the production of chlamydospores by this fungus. All four 


media regularly permitted mycelial formation, although the two former ap- 
peared to be superior quantitatively in this respect. 
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